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SILVICULTUEE. 




INTEODUOTION. 

SiLTOULTUEE literally means the culture of forests, that is 
to say all measures connected with the formation, preserva- 
tion and treatment of forests. In practice, however, the word 
forestry is used to express and comprise all this, while by 
silviculture, in its narrower sense, is understood the formation, 
regeneration and tending of forests, or woods, uni,il they 
become ripe for the axe. Silviculture, in the latter sense, 
teaches how a forest, or wood, can be produced and guided to 
maturity so as to realise in the most advantageous manner the 
object which the proprietor has in view. 

The object, for which a particular forest is maintained, 
depends on the will and pleasure of the owner, in so far as his 
freedom of action is not limited by rights of third porsons, or 
by legal enactments. The object itself can he one of many, 
and of these the following may be mentioned by way of 
illustration : — 

1. To yield produce of a definite description, for instance 

trees and shrubs of special beauty, or trees giving a 
certejg. kind of timbe r, or other produce fit for particular 
purposes, such as grass, turpentine, caoutchouc, etc. 

2. To produce the greatest possible quantity of wood or 

other produce per acre and year. 

3. To produce the highest possible inpney return, per acre 

and year. ” 

4. To produce the highest possible interest on the invested 

capital. 

5. To produce certain indirect effects; for instanco, to 
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influence the climate, to regulate the drainage of the 
country, to prevent landslips or avalanches, to arrest 
shifting sands, etc. 

In each of these and other cases, the particular species of 
tree to be grown and the method of treatment are likely to 
differ, and it is the business of the forester to select those 
species and methods which realise the object of management 
most fully and in the most economic manner. More especially, 
the forester must always consider what effect the species and 
the selected method of treatment are likely to have on the 
property, and he must remember that any exceptional strain 
.put upon the soil for more than a limited period, in order to 
realise an exceptional effect, must be followed by a correspond- 
ing period of relaxation. Unless this is given, the soil, in the 
majority of cases, will deteriorate, and it may ultimately 
become absolutely sterile. Such an exceptional strain may 
suit the special requirements of a particular owner, but is not 
in the interest of the general community. Political Economy 
teaches that the correct mode of procedure points to the care- 
ful preservation of the productive powers (or factors) of any 
given locality, so as to render possible the production of the 
same effect, or an increased one, regularly and indefinitely. 

Experience has shown that in forestry the safest method of 
preserving the productive powers of a locality consists in 
maintaining uninterruptedly a crop of forest vegetation on the 
area. The more frequently and the longer the ground is 
uncovered and exposed to the full effects of sun and air 
currents, the more, in the majority of cases, is the productive 
power liable to be reduced. 

The subject of Silviculture will be treated under the 
following headings : — 

Part I. — The Foundations of Silviculture. 

,, II. — The Formation and EEaENBRAxiON of Woods* 

„ III. — The Tending- op Woods. 

„ IV. — Silvicultural Notes on Forest Trees. 
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THE FOUNDATIONS OF SILVICULTUEE. 


The natural forest vegetation of the various parts of the 
earth consists of a large number of species of trees and 
shrubs, each of which has its peculiar mode of growth, and 
thrives best under certain conditions. As the latter differ 
according to latitude, longitude (indicating the distance from 
the ocean or large sheet of inland water), elevation, soil and 
other circumstances, it follows that each part of the earth has 
its peculiar forest flora. And yet, the same type of forest is 
found in parts of the earth which are separated by long 
distances ; at any rate, some of the genera are the same, 
although the species may differ. How this separation has 
come about, cannot be discussed in this book, but it may 
safely be assumed that the local conditions in all these cases 
must, at any rate approximately, be the same. Hence, it may 
be said : — (1) That the species found in such localities are 
interchangeable, and (2) that the principles which govern the 
selection of species and their treatment must, practically, be 
the same ; in other words, the fundamental laws of silviculture 
hold good in all these cases. The theory of silviculture can 
be learnt in any part of the earth, but it remains to adapt it 
to the local conditions with which the forester has to do. In 
this volume, the examples required to illustrate the laws of 
silviculture will be taken chiefly from the timber trees ordinarily 
growing in Western Europe on the fiftieth degree of latitude, 
and the country immediately to the north and south of it, 
with the addition of a few species introduced from other parts 
of the earth which deserve extended cultivation in Western 
Europe. 

Of the species here in question, only a limited number 
possess the faculty of forming by themselves healthy and 
flourishing woods for any length of time, while others will 
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obtain perfection only if they are mixed with the former. 
Species are called ruling or tlei)ende7it, according to whether 
they belong to the first or second class. If the more 
important timber trees, growing in the above-mentioned 
region, are arranged accordingly, the following lists are 
obtained : — 

Eulmg Species. 

Decidedly ruling. — Beech, silver fir, Norway and Sitka 
spruce, Douglas fir, Scotch pine, hornbeam. 

Conditionally ruling. — Oak, Tyrolese and Japanese larch, 
common alder, birch, willows, Austrian pine, Corsican pine, 
mountain pine, Weymouth pine, sweet chestnut. 

Dependent Species. 

Of these may be mentioned : Ash, Norway maple, sycamore, 
poplar, elm, lime, white alder, Cembran pine, Eobinia, and 
others. 

Although the biological characteristics of these and other 
species have been carefully studied for many years, the 
subject has by no means been exhausted, because the factors 
which affect the growth of trees vary constantly, and moreover 
some of these factors are as yet imperfectly understood. The 
experience so far gathered will be found in the succeeding 
chapters. It is that experience which must guide the forester 
in the selection of species for a particular locality, and of the 
subsequent method of treatment. 

The subjects which claim attention will be dealt with in the 
following four chapters : — 

Chapter I. — Locality in Eelation to Eokebt Vegetation. 

„ II. — The Development of Foeebt Tbees. 

„ III. — Chakactee and Composition of Woods. 

,, IV. — The Silvicultural Systems. 

These are matters which govern all forest operations, not 
only the formation, regeneration, and tending of woods, but 
also the determination of the yield, the preparation of working 
plans, and the ultimate utilisation of the forest produce. 
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CHAPTEE I. 

LOCALITY IN RELATION TO FOREST VEGETATION. 

When a plant germinates on the surface of the earth, it 
sends its roots into the soil, and its stem into the air. The 
soil, assisted by the subsoil, provides to the plant the means of 
stability and nourishment ; the atmosphere overlying the soil 
furnishes certain nourishing substances, heat, light, and mois- 
ture. Hence, the soil, including subsoil, and the atmosphere 
are the media which act upon forest vegetation, and they 
together are in silviculture called the “ lomlitij.'” The active 
agencies ov factors of the locality depend on the nature of the soil 
and the climate, the latter being governed by the situation. The 
sum total of these factors represents the quality or yield capa- 
city of the loca,Hty. The forester requires to be well acquainted 
wrtR the manner in which soil and climate act on forest vege- 
tation, in order to decide in each case which species and method 
of treatment are best adapted, under a given set of conditions, 
to yield the most favourable results. The detailed considera- 
tion of the laws which govern this branch of forestry finds a 
place in the auxiliary sciences, such as Physics, Chemistry, 
Meteorology, Botany, Mineralogy, and Geology. A sufficient 
knowledge of these branches of science is assumed, so that here 
only their application to Silviculture need be considered. 

The chapter will be divided into the following sections : — 

Section I. — The Atmosphere. 

» n. — The Climate. 

„ III. — The Soil and its Effect on Forest Vege- 

tation. 

” Effect of Forest Vegetation on the Locality. 

„ V.— Assessment of the Quality of the Locality. 
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8 LOCALITY AND T'OKEST VEGETATION. 

SECTION I -THE ATMOSPHERE. 

The earth is surrounded by gaseous bodies, which move 
with it, and collectively are termed the atmosphere. Owing 
to the weight of its component parts, the atmosphere is densest 
close to the surface of the earth, and becomes thinner with 
increasing distance from the earth, passing gradually into space. 

The substances of the atmosphere of special imj)ortance in 
Silviculture are : — 

(1.) Oxygen and Nitrogen. 

(2.) Carbon dioxide. 

(3.) Moisture. 

(4.) Solid bodies. 

(5.) Ammonia and Nitric Acid. 

1. Oxygen and Nitrogen. 

The chief constituents of the atmosphere are 21 parts of 
oxygen and 79 parts of nitrogen in a mechanical mixture. 
No chemical process is required to separate oxygen from 
nitrogen ; as a matter of fact, all porous bodies possess the 
faculty of taking oxygen from the atmosphere, without enter- 
ing into a chemical combination with it. Amongst such 
bodies are the soil, leaves, bark, and roots of plants. Until a 
comparatively late date it was believed that plants could not 
take nitrogen direct from the air. It has now been proved 
that certain plants, including various forest trees, can do this, 
and further investigation will doubtlessly lead to additional 
discoveries in this respect. 

Although the leaves of plants take up oxygen, they exhale 
greater quantities of it under the effect of light ; the latter is 
the result of the decomposition of carbon dioxide by the 
leaves, which retain the carbon and surrender the oxygen. 
Thus, plants are powerful agents in the production of oxygen. 

The action of the air , hi, t, fee SiiiLis chiefly two-fold ; it causes 
the evaporation of moisture and the decomposition of organic 
matter. The air which penetrates into the fissures and inter- 
stices of the soil becomes charged with vapour and carbon 
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dioxide; it is .then forced out of the soil by every rise of 
temperature, and replaced by fresh air during cooling. The 
extent of this change of air depends on the degree of porosity 
of the soil and the daily range of temperature ; the greater 
these are, the more rapidly will moisture and organic matter 
(humus) disappear. The daily range of temijcraturo is 
seriously affected by the degree of protection which the soil 
receives from forest vegetation ; it is greatest in fully exposed 
soils and smallest in soils under the shelter of a full crop 
of trees, especially if the foliage offers lateral as well as vortical 
shelter against sun and air currents. In the latter case, the 
humus is generally carefully preserved, in the former it 
disappears rapidly. 

2. Carbon Dioxide. 

About 0'0004 parts of the volume of the atmosphere 
consist of carbon dioxide which is received from a variety 
of sources, as combustion or decomijosition of plants, the 
breathing of animals, volcanoes, spring water issuing from the 
interior of the earth, combustion of coal and lignite, from 
various minerals as for instance calcium carbonate. Of those, 
the first is by far the most important source of supply. 

Plants, except certain parasites and saprophyttw, take the 
carbon dioxide which they require through their le.aves from 
the atmosphere. Subsequently, when they die and are decom- 
posed, their carbon is converted back into carbon dioxi<le, and 
returned to the atmosphere; hence, plants form an important 
link in the movement of carbon dioxide. 

8. Moisxuris. 

The atmosphere is the medium through which the dry 
land receives the greater part of the necessary moisture. 
Sheets of water (the sea, lakes, rivers, etc.) and moist bodies 
evaporate moisture, which, as vapour, rises in the atmosphere, 
until it IS again condensed into water. It either settles as 
dew on cool objects, or falls as rain, snow, or hail from the 
cloud region to the ground. Plants, being moist bodies, take 


r 


10 LOCALITY AND FOEEST VEGETATION. 

parti in the circulation of moisture ; they receive it from the 
soil through the roots, and evaporate it through the leaves. 

In this perpetual circular motion of moisture, several points 
are of special interest to the forester. By the action of 
heat, water is converted into vapour, and consequently 
evaporating bodies become drier and cooler, and reduce the 
temperature of the surrounding layers of air in their effort 
to replace the expended heat. It follows that the rate of 
evaporation is, amongst other influences, governed by the 
temperature, which depends upon the climate. There is, how- 
ever, another reason why the rate of evaporation depends on 
the temperature : — The maximum of vapour which saturated 
air can hold rises at a more rapid rate than the increase in 
temperature. It follows that air of a high temperature can 
hold more vapour than at a low temperature, and yet the 
relative humidity may be smaller in the former case. Hence, 
evaporation is more rapid in summer than in winter ; it is 
generally also greater during the day than at night. 

4. Solid Bodies. 

The atmosphere always contains a certain quantity of 
organic and inorganic solid bodies, which are kept in suspen- 
sion in consequence of their minute size and lightness. 
These bodies are carried about by air currents and may 
be deposited in certain localities. Again, when vapour 
is condensed and falls to the ground as rain, snow, or 
hail, it carries with it a certain quantity of these solid bodies, 
which differs according to locality ; the mineral part of these 
deposits is not inconsiderable compared with that which 
is required annually for the production of timber on a fully- 
stocked area. Amongst the substances thus brought to the 
ground are calcium carbonate, magnesium carbonate, sodium 
chloride, calcium sulphate, ferric oxide, alumina, silica, organic 
nitrogenous matter, etc. Direct analysis has shown that 
upwards of 300 lb. of these substances have been deposited 
on an acre of land in one year, a quantity more than sufficient 
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to provide for that contained in a heavy increment of wood 
laid on during the same period. In other cases, observations 
have shown that the quantities deposited are considerably less 
than 300 lb. per acre. The actual amount depends in the first 
place on the amount of rainfall. 

5. Ammonia and Nitbic Acid. 

Limited amounts of these important substances ai’e con- 
tained in the atmosphere ; they supply nitrogen to forest plants 
in considerable quantities, especially for the formation of seeds. 

A certain quantity of ammonia and nitric acid is brought 
into the soil by the annual rainfall ; where the latter is 
heavy, the quantity of the substances thus obtained by the 
soil may be sufficient for all the requirements of forest growth, 
but where it is light, this will not be the case. 

As already stated, certain plants (Leguminosie) can tako 
nitrogen direct from the air. Further investigation may show 
that the assimilation of nitrogen by the plant from the air is 
far more extended than is at present known. 

SECTION II.-THE CLIMATE. 

By climate is understood the local peculiarities of l.he 
atmosphere in respect of temperature, degree of cUjarnoHs, 
moisture, and rest or motion. As already indicated, the climate 
of a locality depends on its situation. 

The climate of a locality is of greater influence upon the life 
and growth of plants than the degree of fertility of the soil ; 
hence, it demands the forester’s special attention, (lonerally 
speaking, the climate of a locality depends on 

(1.) Latitude and longitude, or geographical position. 

(2.) Elevation above the level of the sea. 

(8.) Aspect and gradient. 

(4.) Shape of the surface and the condition of surroundings. 

Each of these affects the heat, light, and humidity of a 
locality, which are the agencies determining the commence- 
ment and course of the annual phenomena of vegetation. 



12 


LOCALITY AND FOREST VECETATION. 


1. Heat. 

Heat affects plant life in varioiis ways. In the first place, 
it is necessary for transpiration by the plants and evaporation 
from the surface of the earth ; secondly, it governs the 
movement of the air, which produces a thorough mixture of 
its different ingredients, as well as that of warm and cold, dry 
and moist, clear and hazy air. 

The heat required by plants for transpiration and growth 
must be supplied to them by the atmosphere, either directly 
or through the soil. If these are themselves deficient in heat, 
transpiration must cease as soon as the plant has expended 
the store of heat which it contains. This, however, fre- 
quently does not take place until serious damage has been done 
to the plant ; in other words, the temperature of the plant may 
be so far reduced that the freezing point is reached, although 
the temperature of the surrounding air is still several degrees 
above that point. 

The important source of atmospheric heat is the sun ; 
hence, the temperature of a locality depends in the first place 
on its latitude. The mean annual temperature decreases with 
the distance from the equator, because the sun’s rays strike 
the earth more obliquely in proceeding north or south fx'om 
the equator towards the poles. In the centre of Europe and 
in the vicinity of the 50th degree of latitude, the tempera- 
ture decreases one degree for about every 61 miles on 
proceeding north. The climate thus produced is frequently 
called the geographical or solar climate. It exists practically 
nowhere on the earth, because it is modified and converted into 
the phijsical or local climate by a series of influences, amongst 
which the following deserve attention : — 

a. Elevation above the Level of the Sea. 

The temperature falls with the elevation above the sea. In 
the Alps, the fall is one degree for every 300 to 400 feet of 
elevation ; it is about 900 times as rapid as the fall caused by 
increasing latitude- The effect of elevation upon temperature 
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is subject to modifications. High plateaux of considerable 
extent show a milder climate than that calculated for their 
elevation, because the sun’s rays are more intense than at the 
level of the sea. On the other hand, wind currents exercise a 
considerable effect, so that isolated peaks have, as a rule, a 
comparatively rough climate. 

Cold air, owing to its weight, glides down slopes and may 
become stationary in valleys and low land generally, producing 
locally and temporarily a lower temperature than that which 
corresponds to the elevation of the locality. Hence, in such 
localities late and early frosts are more common than in 
localities which are under the influence of a free circulation of 
the air. 

b. Presence of Extensive Sheets of Water. 

Owing to a difference of temperature, and the consequent 
exchange of air between dry land and sheets of -water, the 
latter cause the climate of the former to be more equable, the 
temperature being lower during the day and higher during 
the night. It is chiefly for this reason that the longitude of 
a locality, by affecting its distance from the ocean or other 
extensive sheets of water, influences the local climate. 

c. Aspect and Gradient. 

The angle at which the sun’s rays strike the soil depends on 
the aspect of the locality ; hence, in the northern hemisphoro, 
aspects between south-east and south-west are the warmest, 
and those between north-east and north-west tho coldest. The 
degree of the gradient further modifies this effect, which also 
depends on the latitude. 

The aspect affects the temperature also in exposing a 
locality to air currents, or protecting it against them. This 
effect may be favourable or the reverse according to the nature 
of the air currents. 

d. Presence or Absence of Forest Vegetalmi. 

Localities which are bare of vegetation are struck by the 
full force of the sun’s rays, causing the temperature at tho 
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surface of the soil to rise. At the same time, air currents 
sweep unimpeded over such localities, causing a rapid change 
of the atmosphere. 

On localities covered with a full crop of forest vegetation, 
the sun’s rays strike the crowns of the trees : the heat, 
absorbed by the air at some height above the ground, 
penetrates only slowly through the leaf canopy to the layer 
of air below it and thence to the soil. During the night again, 
the leaf canopy prevents, or at any rate reduces, radiation. 
It follows that the air in forests is cooler during the day and 
warmer during the night than the air on bare localities. 
This effect is intensified by the fact that the foliage of the 
trees impedes the force of air currents. 

Observations have established the following facts : — 

(1.) The climate of wooded countries is more equable than 
that of open countries. 

(2.) The mean temperature of soil and air in wooded 
countries is somewhat lower than that of soil and air in 
bare countries. This reduction of temperature would 
ordinarily act beneficially in warm southern countries, while 
it may become injurious in cold northern countries, where 
the temperature is already lower than is desirable. 

(3.) The greatest difference occurs in summer, next in 
spring, then in autumn, and it is very small in winter. It 
follows that in forests the commencement of vegetation in 
spring is retarded. This may be beneficial in preventing 
damage by spring frosts, limiting the formation of inferior 
spring wood, etc. ; on the other hand, it shortens the growing 
season, and delays the sprouting of seeds in spring.^ 

Heat is a most powerful agency in the distribution of plants 
on the earth; the species change with increasing latitude, 
elevation, and other influences which govern the temperature. 
This applies to forest trees as well as other plants. 

Attempts have been made to ascertain the absolute sum of 
heat required annually by the more important forest trees,' 

* For further details on these questions, see Volume L 
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which have been enumerated in the introduction of this part, 
but so far the available data are of limited use in silviculture. 
Moreover, it is beyond doubt that the mean ternperatux-e of the 
year is much less imixorfcant to forest trees than the tempera- 
ture which prevails during the growing season. 

It has been stated"*^' that a mean temperature of 50 <logrees 
Fahrenheit during the four princijxal vegetating months (May, 
June, July, August) is the limit withixx which tree forest can 
exist ; if it is lower than that, only shrubs are found. That 
minimum is met between the 65th and 70th degrees of northern 
latitude, or at an elevation of 7,500 feet in the Alps and at 
about 14,000 feet in the Himalayas. It varies, however, 
according to aspect and other local conditions. As to the 
maximum temperature supportable by tree growth, it may bo 
stated that it does not exist on the eartli ; if fox^estsai’e al)Bont 
in certain parts, it is due to a deficiency of moisture, or other 
adverse influences. 

A very low winter temperature reduces the number of species ^ 
which can support it. Of European species, spruce, birch, 
willow, larch and Cembran pine can survive a temperature of 
-50 degrees Fahrenheit; others suecumh at considerahlyhiglier ' 
temperatures, even in their natural home. As a consequonce, the 
character of forest vegetation changes from the tropics on going 
north. The former contain, where the climate is not modified 
by elevation, palms, bamboos, and broad-leaved species pro- 
ducing some of the best timber of the earth, such as teak, 
mahogany and ebony. Going north in the old world to the 
shores of the Mediterranean, forests of cork oak are found ; in 
Italy, olive and chestnut appear, gradually giving place to ash, 
sycamore, beech, birch, and certain species of pine. In 
Switzerland and South Germany, silver fir and spruce gain 
ground, but the former disappears on approaching the North 
Sea. The countries round the Baltic contain forests consist- 
mg chiefly of Scotch pine, spruce and birch ; in Siberia, larch 
is found over extensive areas. These latter species are 
Ma^r, VValdbau auf naturgesotzHcher Gnmdlage, 
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accompanied by willow, alder and poplar, b^urther north, 
the species become smaller and of slower growth, until 
brushwood alone remains. Mayr suggests the following 
division into zones : — 

1. Tropical forest zone, which he calls the Palmetmn, 

2. Sub-tropical forest zone — evergreen oaks, laurels etc. — 
Lauretum. 

3. Temperate warm zone of deciduous broad-leaved trees, 
a. the warmer half — Castaiietum ; h. the cooler half — Fagetiim, 

4. Temperate cool zone — firs and larches — Ficcticm or 
Ahiehm or Laricetum. 

5. Cold zone to the limit of forest — Alpinetum, Polaretim. 

Bach of these zones can be met, either on going north or 

on rising in mountains. 

Speaking generally, the number of genera and species 
decreases from south to north. The consequence is that mixed 
woods prevail in the tropics and sub-tropics ; in the Gastanetum 
pure woods commence, and they prevail in the Picetum. 

Every species thrives best in the centre of the zone which 
is its own ; it falls off towards the upper and lower limit of the 
zone whether produced by latitude or elevation. This holds 
good as regards shape of stem, production of volume, and 
quality of timber. 

The suitability of exotic trees depends on their finding in 
the new locality conditions which coincide with those of their 
natural home ; in other words, that the locality comes at any 
rate near their natural o'ptinmm. If this is not the case, the 
danger from frost, and especially late frost in spring, is against 
a successful introduction of the species. 

Coming now to the relative heat requirements of the several 
species here under consideration, the following scale is 
suggested : — 

It is greatest in : Common elm, sweet chestnut, pedunculate 
oak. 

Somewhat smaller in : Sessile oak, Austrian pine, silver fir, 
beech, Weymouth pine, lime, Scotch pine, Douglas fir. 
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Lens again in : Norway maple, birch, sycamore, ash, alder, 
hornbeam, spruce. 

Smallest in : Larch, Cembran pine, mountain pine. 

The different degrees of heat requirement produce many 
phenomena of interest to the forester, of which the following 
may be mentioned : — 

(1.) On the same latitude, the several species, if left to 
natural selection, are found at different elevations. While the 
Cembran pine finds full development near the upper limit of 
tree vegetation (up to 7,500 feet in the Alps), the larch and 
next the spruce prefer a somewhat lower zone ; lower again 
appear beech, silver fir, and sessile oak, while the pedunculate * 
oak and Scotch pine flourish in the low lands. ' 

(2.) A species, which prefers a certain altitude in one locality, 
will descend towards the level of the sea with increasing 
latitude, or ascend with decreasing latitude. 

(3.) At the same altitude, the more heat requiring species 
will seek the warmer southern aspects, and the less heat 
requiring species the cooler northern slopes. 

(4.) A species, which is naturally found on a northern 
aspect at a low elevation, will seek a southern aspect at a 
higher altitude. 

It must not, however, be overlooked that the actual distribu- 
tion is affected by many other influences besides heat, and 
that the above theories are only of an abstract nature. 

The effect of frost on the various species is intimately 
connected with their heat requirement. Trees suffer, as a 
rule, little from winter frosts within the region of their natural 
distribution, but frost occurring during the growing season 
may do considerable damage, especially during spring (late 
frosts) immediately after the tender leaves and shoots have 
been put forth, and during autumn (early frosts) before the 
newly-formed wood has had time to ripen. Many influences 
and circumstances contribute towards the occurrence of late 
and eatlxfrosts. Sometimes they are.caused locally, especially 
in low lying or confined localities, in consequence of excessive 
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radiation, evaporation, the descent of cold air from higher 
localities, and absence of air currents ; in other cases, they are 
due to cold winds. The several species vary much in their 
bearing towards late and early frosts ; in a general way the 
following classification will hold good : — 

Most stibject to suffer from late frosts are : Ash, Eobinia, 
sweet chestnut, beech, silver fir. 

Someivhat less : Oak, Douglas fir, Norway maple, sycamore, 
spruce, alder. 

Less again : Lime, hornbeam, elm, birch, larch, aspen, 
Corsican, Austrian, Weymouth, and Scotch pines. 

The relative humidity has a decided effect upon the degree 
to which trees are subject to damage by late frost ; the higher 
it is, the smaller that danger. 

The degree of damage depends, aparfc from the severity of 
the frost, on the condition of the leaves and young wood, the 
general health and vigour of the plants, and whether they 
have been suddenly or gradually deprived of shelter. 

The damage occurs, generally, during the process of thawing, 
after freezing. The more rapidly the plant thaws, the greater 
will be the damage ; hence, it will be greatest on east and 
south aspects, and smallest on west and north aspects. 

Frost may kill the plant outright, or only the leaves and 
tender shoots. It may also cause cracks in the bark as in 
beech, or in the bark and wood as in oak. 

Trees may also be injured by too high a temperature ; 
more especially scorching of the bark may occur, especially in 
the case of trees with a smooth bark, as in beech. 

2. Light. 

The earth receives light from the sun, the source whence 
heat is supplied. With the exception of certain low forms, 
all plants require light to enable them to live and grow, as 
soon as the available reserve materials have been consumed. 
Without light, carbon dioxide cannot be decomposed by the 
chlorophyll of the plants. Sun light decreases in intensity 
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on going north, bat increases on rising. Difliised light 
decreases on going north or rising in mountains. Did used 
light is believed to be at least as favourable for assimilation 
as direct sun light. This would explain why the crowns of 
trees develop evenly all round the stem. 

During the process of germination light is not required, 
because the embryo is developed by means of substancos 
deposited in the seed. Similarly, the first starting of vege- 
tation in spring can take place with a small amount of 
light, because it is done by means of reserve materials 
deposited in certain parts of the plant. As soon as these 
substances, both in germination and the awakening of 
vegetation in spring, have been consumed, light becomes 
absolutely necessary for the preparation of new food 
materials. 

All trees, then, require light for their proper development, 
but the necessary quantity has its upper and lower limit. 
Not only too little but also too much light can interfere 
with the phenomena of growth. If the access of light is 
reduced to a certain degree, assimilation of the leaves coasoB ; 
too much light is accompanied by an increase of t(3mporaturo* 
Between the maximum and minimum a degree exists which 
corresponds with the most favourable development of a 
species, and which represents its normal light i-equirement, or 
\ It changes with the age of the trees, and is greatest 

I during the period of the principal height growth, smaller 
during youth and old age. During the time of the development 
of the buds, the flowering, and the formation of the fruit more 
light is required than is necessary for growth only. Begard- 
ing the absolute quantity of light required by the several 
species, little is known at present, but much experience has 
been collected which demonstrates their relative light require-* 
ments. On the whole, it is known that certain species cannot I 
thrive unless they enjoy a large measure of light throughout / 
life, while others will bear a certain amount of shade. 
Accordingly, t^ former species are* termed light demanding, 

c 2 


20 


LOCALITY AND FOBEST VEGETATION. 


and the latter shade hearing or tolerating. In a general way, 
it may be said that trees with a dense crown are shade 
bearing, and those with a thin crown light demanding, though 
the light requirement does not always stand exactly in inverse 
proportion to the density of the crown. 

The degree of shade which the several species give differs 
much. It is greatest in the case of beech, next in that of the 
species of Abies, then Picea; least strong in oak, pines, 
birch, and larch. The time during which a species can 
support shade also differs. Shade- bearing species standing 
under shade bearers generally die after ten to twenty years; 
light demanders under shade bearers after about five years ; 
shade bearers under light demanders can live for long periods 
of time ; light demanders under light demanders probably 
live as long as shade bearers under shade bearers. In warm 
climates and on fertile soil, species can do with less light than 
under the reverse conditions. Hence, it is not possible to 
construct a strictly correct scale according to the light 
requirements of the several species. 

Some species, which are shade bearing, require a certain 
amount of shelter, or protection, during early youth ; they 
liave, therefore, been called shade demanding.” Such a 
definition is, however, misleading, as these plants require 
protection against cold, heat, and excessive transpiration, and 
not against light as such. In young plants of beech and 
silver fir, for instance, transpiration frequently reaches such 
a high degree, if they are not sheltered, that they lose water 
more quickly than they can take it up from the soil, and 
consequently die. Hence, they require either a sufficient 
wetting of the soil, or shelter. In the former case more water 
is available, and in the latter the temperature and thereby the 
transpiration is reduced. Species are called tender or hardy, 
according as to whether they require shelter during early 
life, or can do without it. 

By summing up the available experience of the light 
requirements of a number of species, scales have been 
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prepared by various authors, which, though generally agree- 
ing, differ somewhat in details. The following scale begins 
with the most light demanding species and finishes with the 
most shade bearing. Lime and Weymouth pine stand in the 
centre of this scale ; the species above them are considered 
light demanding, and those below shade bearing, the degree 
in each case depending on the distance from the centre line. 

(1.) Larch, birch. 

(2.) Scotch pine, poplars, willows, Corsican' pine. 

(3.) Oak, ash, sweet chestnut, mountain pine. 

(4.) Elm, alder, Austrian pine. 

(5.) Lime, Weymouth jnne. 

(6.) Norway maple, hornbeam, sycamore, Cembran pine, 
hazel, Thuia, Douglas fir, Tsuga. 

(7.) Spruce. 

(8.) Silver fir. 

(9.) Beech. 

(10.) Yew. 

The above scale represents only general averages. In reality, 
the degree of light requirement is subject to considerable 
modifications caused by the peculiarities of each locality. 
Generally, all species bear more shade on good, fresh soil 
than on poor dry ground, a fact which is indicated by the 
density of the crown. The Scotch pine, for instance, grown 
in fresh soils in countries near the sea looks quite difterent 
from the same tree seen in continental countries, and stands 
considerably more shade than the latter. 

The length of the growing season also iniluonces the 
degree to which a tree will stand shade. A certain total 
quantity of light is required to complete the annual cycle of 
development ; hence, a more energetic effect of light is wanted 
in localities with a short growing season, such as high eleva- 
tions, or high latitudes. A species, which stands a certain 
amount of shade at the level of the sea and in a southern 
climate, may become light demanding at a considerable eleva- 
tion, or in a northern climate. Again, in foggy air, under a 
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covered' sky, or on northern aspects, the same species stands 
less shade than in clear air, under a sunny sky, or on southern 
aspects. In this respect it must be remembered that the actual 
intensity of the light is somewhat greater in high mountains 
than in low lands. 

The health of the trees is also of importance. Strong 
healthy plants with a good root system stand more shade, 
and for a longer period, than weak plants. 

Light and shade in relation to tree growth are of the 
greatest importance in practical silviculture, especially in 
the regeneration and tending of woods, the composition of 
mixed woods, etc. In each of these eases the light require- 
ment of the species must be fully considered, or serious 
mistakes may be made. The most important period in this 
respect is early youth, because at that time several species 
require some shelter, either against heat or frost. If that 
shelter, on the other hand, is excessive the young trees may 
be permanently injured, or even die. When a plant has stood 
in shade for some time, the activity of its leaves is reduced, 
and it takes some time, after the removal of the shelter, before 
the increased light produces increased assimilation and visible 
activity, because fresh organs, fitted for the altered conditions, 
must be produced. In all such cases it is best to remove the 
cover gradually and not all at once. If the plant has sldodln' 
shade for a considerable period, it may no longer be capable of 
developing into a tree of normal size. As long as several 
strong buds are found, especially near the top, this is not to be 
feared, but the recovery of plants with a few miserable buds 
may be considered as hopeless. 

3. Moisture. 

The first question for consideration is, to what extent mois- 
ture in the air is necessary or beneficial to plant life. The 
investigation of this problem meets with great difficulty, 
because it is often difficult to separate the effect of air moisture 
from that of soil moisture. Only meagre data are available, 
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as far as trees are concerned, and further investigation is 
required, before they can be of general practical na(i in 
silviculture. It is known that some species, such as spruce, 
alder, maple, ash, and next to these, silver fir and beech, 
thrive generally better in moist than in dry air. It is also n 
fact that spruce appears naturally over extensive areas in 
high situations and near the sea shores of northern Europe, 
that is to say, in localities with a comparatively moist air, 
while it thrives but indifferently in continental situations 
with a dry air. The Scotch pine, on the other hand, appears 
over extensive tracts in continental dry climates, and at the 
same time flourishes in the moist insular climate of Great 
Britain and Ireland. 

Apart from the fact that trees take up moisture through 
their organs above ground, the atmospheric moisture is of tlio 
highest importance, for the following reasons : — 

(a.) It supplies the soil with water, whence it is taken up by 
the roots of the trees. 

(6.) It governs the degree of transpiration from the loaves of 
the trees. 

The degree of transpiration depends on the degree of satura- 
tion of the air and the temperature ; hence, relatively dry air 
causes rapid transpiration, while the latter ceases whon the 
air becomes saturated. The degree of transpiration, in its 
turn, governs the rapidity with which fresh water, charged 
with raw materials, is taken up by the roots. 

Apart from inundation or ground water, the soil receives 
water from the atmosphere in the shape of precipitations, ns 
dew, rain, snow, hail, and a certain amount by means of its 
hygroscopic nature. The quantities differ enormously in 
different climates and localities, from almost nothing to over 
600 inches a year. Precipitation cannot take place unless 
the air becomes saturated. The phenomena which favour an 
increase in the relative humidity, and thereby induce satura- 
tion, are active evaporation and a reduction of tempera- 
ture. On the one hand, evaporation causes a reduction of 
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temperature, and on the other, a falling temperature reduces 
the degree of evaporation ; the result is, that saturation and 
precipitation occur only locally. 

As a general rule, a low temperature means a high degree of 
relative humidity ; hence, the latter is greater in winter than 
in summer ; greater at high elevations than in low lands ; 
greater in the vicinity of extensive .sheets of water than in 
continental countries ; greater in forest countries than in bare 
tracts. 

Observations have shown that the relative humidity of forest 
air is greater than that of air in the open country, the difference 
amounting in Central Europe to as mnch as 10 per cent, during 
summer, and about half that amount in winter. The practical 
value of this fact in silviculture is that radiation of heat is 
much slower, and the danger of late and early frosts smaller 
in the forest than it is outside. 

Snow and ice have a considerable effect upon trees. During 
early youth snow may protect forest plants against excessive 
cold. Later on, a heavy fall of snow, or the formation of ice 
or rime, may break the branches and tops of trees, or even 
fell them to the ground, especially if snow and wind act 
together. The danger is generally greatest in densely grown 
young woods, more particularly those consisting of conifers or 
of broad-leaved trees with the dry leaves still adhering to the 
branches. Shallow rooted trees are more easily thrown than 
deep rooted species. 

Forest trees are also liable to be damaged by hail, which 
may injure, not only the soft shoots, but also the bark of 
species with a smooth surface. 

4. Am CUREENTS. 

The atmosphere is, practically, in constant motion. The 
principal cause of this is the uneven heating of the earth by 
the sun. The heat, which becomes free on or near the surface 
of the earth, warms the adjoining air and causes it to rise, its 
place being taken by colder air from other parts of the earth. 
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The ascending air, after cooling, sinks again in its turn. In 
this manner a circular motion exists between the equator and 
the poles as well as between dry land and large sheets of water. 
Owing to a combination of these currents with the motion of the 
earth, modified wind directions are produced. The prevailing 
wind directions on the northern hemisphere are, therefore, 
from the south-west and the north-east, according as to whether 
the original current started from the tropics or the polar region, 

A second cause of wind currents, especially of storms or 
gales, is the sudden condensation of considerable quantities of 
aqueous vapour, which forces air to rush from all sides into 
the space of reduced pressure. 

Air currents are of paramount importance to all organic 
life on the earth, because they produce a thorough mixture of 
the constituents of the atmosphere. Without them, the land 
would soon lose all moisture. The motion of the atinosphoro 
ensures a proper distribution of moisture, carbon dioxid(3, 
oxygen and nitrogen over the earth. 

Air currents may affect forest trees injuriously princi2)ally 
in two ways : — 


(a.) By unfavourably modifying the temijoraturo and 
moisture of a locality. 

(6.) By injuring, breaking, bending, or overturning thorn. 

Dry winds frequently reduce the moisture of a locality to a 
dangerous degree; moist and cold winds may reduce the 
temperature, and thus interfere with the healthy growth of 
the trees. Strong winds may break the leading shoots or 
side branches, cause trees to assume a curved shape, or even 
throw single trees and whole woods to the ground. 

The damage done to trees by strong winds differs very 
considerably according to species. Shallow rooted trees, like 
the spruce, suffer most, while deep rooted trees, like oak or 
Scotch pine, are much less affected. The most dangerous 
winds in Western Europe are those which blow from south- 
west west, and north-west. Occasionally north-east winds 
are also dangerous. 
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SECTION III.— SOIL. 

It has already been stated that plants, and more especially 
trees, require a certain layer of soil, into which their roots 
penetrate, and which provides them with nourishment and the 
means of stability. Wherever this layer of soil is deep enough 
to meet the above requirements, the subsoil is only of indirect 
importance, but in the case of shallow soils the subsoil has, as 
a rule, to undertake part of the ordinary functions of the soil 
Under any circumstances, the subsoil furnishes the materials 
from which the mineral parts of the soil are principally 
deriyed. Hence, in speaking of the soil, the subsoil is more 
or less included. 


1. Origin of Soil. 

All soil is originally the result of the disintegration of the 
rocks of the earth, with the addition of certain organic sub- 
stances. In some cases, the soil now overlies the rock from 
which it has been derived, in others it has been carried away 
by violent convulsions, or the action of water and air currents, 
and deposited again in other places.. In the lirst ease, the 
soil is called indigenous,'' and in the second exotia." The 
most important form of the latter is alluvial soil, formed by 
deposits near the sea coast, in river deltas, and inland by water 
courses and lakes, as well as by the action of air currents. 

2. Formation of Inoigenoub Soil. 

The formation of soil is due to a variety of agencies, which 
are either of a mechanical, chemical, or organic nature. 

a. Mechanical Agencies. 

Amongst these, heat takes the foremost place. The heating 
of rocks produces an unequal strain and pressure, which cause 
them to burst in various directions. Then, i£ water penetrates 
into the interstices and freez es, it forces the particles asunder, 
thus further breaking up the rock. Water is also a powerful 
agency owing to its d issol ving action. 
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b. Chemical Ageiicus. 

When oxygen and water, which contains carl)on dioxide 
and other acids, come into contact with the rock, they form 
chemical combinations with its elements. The oxygen acts 
especially on the metals (as compounds of iron), forming, liy 
the addition of water, hydrates of metallic oxides. This 
process, accompanied by an increase of volume, destroys the 
previous cohesion of the rock. Water containing caihon 
dioxide and other acids penetrates the rock, dissolves its 
various constituents and carries off sevei'al substances, such 
as lime, magnesia, and potash. 

The rate of chemical decomposition depends on the tempera- 
ture; the higher the latter, the quicker the decomposition. 
Hence, it is more rapid in tropical than in cold climates. 

c. Organic Agencies. 

When mechanical and chemical action have commenced the 
decomposition of the rock, organic action sets in. Lichens, 
followed by mosses, appear on the surface of the rock, which 
further accelerate disintegration by keeping the surface moist. 
Next, the root s of these plants penetrate into the finest fissures 
and assist mechanical action. In this manner, a soil is 
gradually formed, which consists of fragments of rock ami 
remnants of dead plants, suitable for the support of more 
highly organised plants, such as grasses and herbs ; those are 
followed by shrubs and trees, which penetrate with their roots 
deeper and deeper into the rents and fissures of the rook, and 
further accelerate disintegration. 

^ When this process has gone on for a sufficient length of 
time, the outer part of the earth’s crust consists of a layer of 
varying depth which, commencing from below, changes 
gradually from the solid rock into broken rock, or brash, thou 
into smaller pieces of rock, or subsoil, and ultimately into the 
formed or surface soil. 

At first sight it would appear that, the composiiiou and 
quality of the soil depend solely on the composition of the 
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original rock, out of which it has been formed. This is, on 
closer investigation, found to be the case only to a limited 
extent, because, in the first place, certain important substances, 
such as potash, magnesia, lime, may be carried away and lost 
during the process of disintegration ; secondly, organic sub- 
stances are added ; and thirdly, the fertility of the soil depends 
not only on its chemical composition, but also, and often 
chiefly so, on its physical properties. All that can be said is 
that certain kinds of rock yield ordinarily a soil of a certain 
description, but subject to modifications, which depend on the 
peculiarities of each case. On the whole, the attempt of 
estimating the quality of a soil by its geological origin 
alone has almost invariably failed, since the same rock may 
produce soils of varying chemical composition and physical 
properties. 

3. Composition of Soil. 

Soil consists generally of the following substances : — 

(a.) Mineral matter, taken from the decomposed rock, or 
carried to the area by water or air currents. 

(b.) Oi’ganic matter, being remnants of plants and animals, 
(o.) Water, partly liquid, partly in the shape of vapour. 

(n.) Gases, such as air, carbon dioxide and ammonia. 

A. Mineral Suhsta^ices in the Soil. 

The mineral substances form, in the majority of cases, the 
greater part of the soil ; they may be arranged into : — 

(^1^.) Earths; (b.) salts; (c.) acids; (d.) metals. 

a. Earths. 

Silica, alumina, lime, and, next to these, magnesia are the 
earths which occur most frequently in soils. 

Silica is represented chiefly in sand. 

Silica combined with alumina forms clay. 

Clay with sand forms loam. 

Lime appears principally as calcium carbonate in calcareous 
soils, also as calcium sulphate in gypsum. 
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Magnesia is most fi’equent in dolomite, though smaller 
quantities are found in most other soils. 

h. Salts. 

The most important salts are : — 

Potassium carbonate (potash), sodium carbonate (soda), 
sodium chloride (common salt), carbonates, sulphates and 
phosphates of iron and manganese. 

The quantity of salts in the soil does not, as a rule, exceed 
one-half per cent., and rarely one per cent. Larger quantities 
appear only in certain localities, such as salt plains, in the 
vicinity of the sea coast or salt springs, and in some pejaiy 
and swampy soils; in these cases, they act injuriously on 
vegetation. 

Potassium carbonate is of importance, as forest trees 
require a fair amount of it. Sodium carbonate in moderate 
quantities does not act unfavourably. Sodium chloride acts 
favourably only if present in small quantities. Salts of iron 
often act injuriously. 

6*. Acids. 

Carbon dioxide and humic acid are the two free acids which 
generally appear in soils. Other free acids, if they appear at 
all, do so only temporarily, until they enter into combination 
with a base. 

d. Metals. 

Of metals, only iron is of importance in silviculture. It 
appears as feiTous oxide and as ferric oxide. TIkj former is 
believed to be injurious to plant life. Ferric oxide may be 
mixed with soils, and unless the quantity exceeds 10 per cent., 
it does not act injuriously; on the contrary, most fertile Bt)ils 
contain a certain quantity of it. Oxides of iron frequently 
assist in the formation of impermeable strata, or pans. 

B. Organic Matter, or Humus. 

By humus is understood in silviculture all orgarnc matter 
which, in contact with the soil, is gradually decomposed, and 
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forms in mixture witli the upper layer of mineral substances 
the mould or black earth of the forest. The sources of humus 
are the annual fall of leaves and twigs (or even whole trees) 
and dead plants. 

The continuous decomposition of humus furnishes several 
important products. In the first place, the soil receives all the 
mineral matter contained in the humus (ashes) ; secondly, a 
large quantity of carbon dioxide is produced, which accelerates 
the decomposition of the mineral part of the soil. Finally, 
humic acid renders many important substances, such as 
potash, magnesia, lime, etc., soluble in water, so that they 
become available for the plant. 

There are, however, different kinds of humus : — MiU humus 
or forest humus is formed, if air and water act in proper 
proportion upon fallen leaves, moss, etc. Dry mould is 
formed by the action of an excessive supply of air, or rather 
absence of moisture, on certain plants^ such as heather. 
Acid humus is the result of decomposition, if there is an excess 
of moisture and a deficiency of air in the soil. Only mild 
forest humus acts altogether favourably upon forest vegetation. 

C. Water. 

Water is the most important component part of the soil, as 
plant life is impossible without a certain quantity of moisture. 
It affects vegetation principally in the following manner : — 
(a.) It assists in the decomi)oaition of the rocks. 

(5.) It assists in the fo'rmation of humus, and regulates 
both the admission of air into the soil and its temperature. 

(c.) It is an important agent in the process of nourishing 
and shaping the plant. More especially, it carries through 
the roots the mineral substances from the soil into the plant. 

However favourably a certain degree of moisture in the soil 
may act, an excess of water, especially if stagnant, is always 
injurious ; it reduces the activity of the soil (by driving out 
air), lowers the temperature, increases danger from frost, and 
is liable to render the soil acid. 
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The soil receives water from one or more of the following 
sources : — 

(1.) From the atmosphere, as dew, rain, snow, hail, ()r a,H 
vapour condensed by the hygroscopic action of the soil. 

(2.) From ground water resting in the subsoil. 

(3.) From inundations, whether natural or artiilciaL 

Water derived from the atmosphere acts most favourably, 
provided the supply is suitably distributed over tlie difforcuit 
seasons of the year, and the soil is capable of retaining mois- 
ture sufficiently long during dry weather. Where thoso con- 
ditions are wanting, ground water is likely to act more favour- 
ably, because it produces a more even d(3gree of moisture in 
the upper layers of the soil. Natural inundation water is in 
many cases objectionable, because it renders the soil too wet 
at one time, and too dry at others. Artificial inundation, or 
irrigation, produces very favourable results, but it is generally 
expensive. 

D. Gdses. 

The gases, such as air, carbon dioxide and ammonia, have 
been dealt with in Section 1. of this chapter. It is only mnuiS- 
sary to add that the amount of air in tlie soil vaj‘icH witbia 
wide limits, and that the amount of carbon dioxide doponds (ni 
the quantity of organic matter in the soil, and the rate at 
which it is decomposed. 

4. Physical PRopEriTiES of Boil. 

The principal physical properties of importance in silvicul- 
ture are the following : — 

a. Comuteiicy^ 

or binding power, the cohesion between the different particbm 
of the soil. It depends on the chemical composition of the 
different parts, the degree of division, and the quantity of 
moisture in the soil. Generally, it is greatest in clay and 
smallest in sand. An admixture of humus moderates both 
extremes. 
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h. Shrinking, 

or the reduction of the volume of the soil under the process 
of drying. It causes cracks in the soil, followed by the 
exposure of the roots. Heavy soils crack more than light soils. 

G. Capacity to hold Water. 

It is generally proportional to the percentage of fine earth 
and humus in the soil. 

d. HygroscopiciUj, 

or the capacity of the soil to attract and condense aqueous 
vapour from the atmosphere. It depends on the degree of 
division of the particles, and on the temperature. The finer 
the division, the greater the hygroscopicity ; more vapour is 
condensed at a low than at a high temperature. Soils rich in 
humus show the greatest hygroscopicity, next clay, then loam, 
then lime soils, and it is smallest in sand. 

e. Tejiacity in retaining Moistwre 
is greatest in clay soils, moderate in calcareous soils and 
smallest in sand. 

/. Permeability, 

or the capacity to let water pass through, is greatest in sand, 
especially if of a coarse grain, and smallest in clay. Humus 
soil approaches clay, while calcareous soils and loam stand 
about half-way between the two extremes. Stiff clays are 
liable to be altogether impermeable ; in many cases the clay of 
a mixed soil is gradually carried into the subsoil, where it 
forms an impermeable layer, frequently bound together by 
oxide of iron. 

g. The Poiver to retain Salts dissolved in Water 
depends on the proportion of fine earth in the soil. 

h. The Capacity to become Heated 
is greatest in sand, and smallest in clay. Calcareous soils 
approach sand ; loam approaches clay. Sand and calcareous 
soils are generally hot soils, while clay is a cold soil. 
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i. General. 

Dejpth intensifies the effect of the various physical properties. 
A depth of 4 feet may be considered as sufficient for almost 
any species, and many can do with considerably less. Where 
a sufficient depth of soil is not available, the assistance of the 
subsoil is called in, especially its degree of permeability. Apart 
from alluvial soil, the depth depends chiefly upon the nature of 
the rock and soil, the stratification of the rock, the situation, 
and the general shape of the surface of the ground- The nature 
of the rock governs the rate at which it is disintegrated. An 
impermeable subsoil is all the more injurious the nearer it is 
to the surface, because it makes the surface soil too wet and 
cold at one time, and too dry and hot at others, apart from the 
fact that the roots may not find sufficient room for spreading, 
and that the stability of trees may be endangered. 

A vertical stratification and a much crumpled state of the 
rock act favourably upon the movements of water in the B{>il 
and the penetration of the roots ; a hori^^ontal stratification, 
if unaccompanied by crumpling, is generally the least favour- 
able form. Low lands have ordinarily deeper soils than high 
lands. On ridges and steep slopes the soil is liable to he 
washed away, while it is collected in depresBious. In the 
former places, the covering of dead leaves is liable to be blown 
away by wind. 

The physical properties are of special importance through 
their action upon moisture. In this respect, the chemical 
composition of the soil is of less importance than the admixture 
of humus and the degree of division of the particles; hence, 
sand and clay represent, ordinarily, the extremes. 

5. Classification of Soils, 

^ For the purposes of silviculture, soils may be classified, 
either according to their chemical composition, or according 
to one or other of their physical properties. 
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a. Classification according to Chemical Composition, 

It is out of the question to attempt a classification according 
to all component substances, nor is it necessary, because the 
importance of the four substances, sand, clay, lime and humus, 
outweighs that of all other substances so much, that the latter 
need not be taken into account in this place. 

The subjoined table gives the composition of the ten principal 
classes of soils (according to Church) : — 


Name of Soil. 

PinirKNT^vfn: op; 

Clay. 

Calcium 

Carbonate. 

Sami. 

( Ir^anic 
JVIattor. 


1. Loams ox' Free Soil . 

20—30 


5()..^70 

2—5 

2. Clays .... 

over 40 

under 5 

under 30 

2 — 5 

3. Clay-sands 

„ 30 


30—70 

2—3 

4. Marls .... 

„ 30 

n— 10 

under 30 

2—3 

5. Peaty Olay 

„ 30 

under 5 

„ 50 

over 5 

(5. Sands .... 

under 10 

„ 5 

over 80 

2—3 

7. Calcareous Bands 

„ K> 

3—10 

„ 70 

2 -r, 

8. Peaty Sands 

! „ 10 

under 5 

M 70 

over 3 

9. Calcareous 

„ 10 

' over 10 

30—70 

2.»»3 

10. Feats .... 

„ 10 

under 5 

under 30 

1 (>vei*33 

Notu. — L ime 

5 improves 2 

, 3, 5 and 8, 



Drainin^^ improves 2, 4, 5 and 10. 
Irrigation improves (> and 7, 



Other soils are 

Dolomite, a chalky loam with much magnesium carbonate. 

Gypsmn, a soil which is rich in calcium sulphate. 

Salt soil, which contains an excessive percentage of salts, 
especially sodium chloride. 

Ferruginous soil, which contains an excessive proportion of 
ferric oxide. 

According to the prepondei'ance of one or other of the 
principal ingredients, numerous subdivisions have been made, 
such as sandy, or marly clays; loamy sand, sandy loam, 
marly sand, sandy marl, etc. 

Clay, loam and calcareous soil are, as a rule, minerally 
strong soils, while sandy soils are less strong. Humus soil 
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may be mild, dry, or sour ; the first acts very favourably upon 
tre© growth, th© two latter unfavourably. 

Soils may also be classified according to the rapidity with 

which the humus is decomposed, as : — 

Very active soils : Such as dry porous sand and calcareous 
soils, in which the decomposition of humus is exces- 
sively quick. 

Active soils : Such as moderately moist loamy sand, sandy 
loam and loamy marl, in which the decomposition of 
humus proceeds at a rate favourable for growth, without 
actually exhausting the supply of organic matter. 

Moderately active soils .- Such as stiff clay, wet soil, hoatluir 
soil, where the decomposition is too slow for a healthy 
development of most plants. 

Inactive soils ; Such as peat soil, shifting sand, etc., in 
which, either from excess of moisture or absence of 
humus and rest, little or no decomposition takes plac(3. 

h. Classification according to Physical Properties. 

Of the various physical properties, the degrees of cousistonc-y 
and of moisture are of special importance in Hilvicnltiire. 
According to consistency, soils may be classified in the following 
manner : — 

Light soils : All soils which contain much coarse grained 
sand or much humus. 

Loose soils : Such as peat and moor soils, which are elastic 
and swell during rainy weather; they are also much 
lifted by frost. 

Binding soils : Soils of moderate cohesion, such as fine 
grained loamy sands, coarser grained sandy loams, 
calcareous soils, especially marl. 

Heavy soils : Such as fine grained loam, clay with coarse 
sand. 

Stiff soils : Such as clay with a limited quantity of fine 
grained sand. 

In classifying soils according to the degree of moisture, a 

1 ) 2 
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distinction must be made between the average degree of 
moisture and the condition of the soil during the growing 
season, as set forth in the following arrangement : — 

JVet soil : Water flows from it without the application of 
pressure. — Even in summer water runs off in drops on 
the application of pressure. 

Moist soil : On pressure being applied, water falls in 
drops. — During summer the soil does not become dry 
beyond one inch below the surface. 

Fresh soil : Leaves traces of moisture on the palm of the 
hand on being pressed. — During summer it does not 
become dry beyond six inches below the surface. 

Dr?/ soil : Has lost the dark colour due to the presence of 
moisture, but does not fall to dust on being broken. — In 
summer it becomes dry to a depth of 12 inches within 
a week after a good soaking rain. 

Arid soil ; Falls to dust on being broken, — In summer it 
dries up to a depth of more than 12 inches within a few 
days after a good soaking rain. 

6.— Effect of the Soil upon Pobbst Vegetation. 

In estimating the effect which differently constituted soils 
have upon forest vegetation, and more especially upon tree 
growth, the forester is guided by the demands made by the 
trees upon the soil. • Ordinarily, the soil should provide the 
tree with stability, space for a suitable spreading of the root 
system, moisture in suitable quantities at all times, and 
nourishing substances in sufficient quantities and in a con- 
dition suitable for absorption by the roots. 

Any soil which meets these requirements is fertile for silvi- 
cultural purposes, and experience has shown that fertile forest 
soil must possess the following properties : — 

(a.) A sufficient depth. 

(b.) A suitable degree of porosity. 

(c.) A suitable degree of moisture. 

(d>) A suitable chemical composition. 
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p. u. 

EFFECT OF SOIL ON FOEEST VEGETATION. ^^7 

a. Sufficient Dejpth, 

The depth is measured by the thickness of the layer of 
soil, and of that portion of the subsoil which can be pene- 
trated by the roots. In due proportion to depth are the space 
available for the root system, the stability of the trees, the 
store of nourishing substances, and the state of moisture in 
the soil. 

The root system differs considerably in the several species ; 
some develop a tap root which is maintained for a shorter or 
longer period, such as oak, chestnut, elm, Scotch pine, silver 
fir, maple, sycamore, ash, lime, larch ; others have strong side 
roots, which send down deep going rootlets, such as alder : 
others again go to a moderate depth, as beech, hornboarn, 
aspen and birch ; finally, some spread altogether near the 
surface, such as spruce. The nature, composition, and degree 
of moisture of the soil modify the root system to some extent, 
which in young trees frequently differs from that in a more 
advanced age. 

On the whole, certain species thrive well only in deei) soil, 
while others can subsist in shallow soil, though they prefer 
the former. The best indicator of the depth of soil is the 
height growth. A sufficient depth produces full height 
growth ; with deficiency of depth the height growth falls off. 

Trees may be classified as follows in respect of their 
demands for depth of soil : — 

Sjpecies which are satisfied with shallow soils : Bpruco, 
mountain pine, birch, aspen, mountain ash. 

Species which require moderate depth .* Austrian pine, Wey- 
mouth pine, beech, hornbeam, black poplar, tree willows, 
alder, horse chestnut. 

Species which require greater depith : Scotch pine, Cembran 
pine, elms, Norway maple, sycamore, white poplar. 

Species lohich require greatest depth : Silver fir, larch, ash, 
lime, sweet chestnut, and especially oaks. 

At the same time, the roots of these species rarely go to a 
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depth of 4 feet below the surface, unless they do not find 
sufficient moisture in the upper layers of the soil, a case 
occurring in countries with a long dry season. 

h. A suitable Decjree of Porositi/. 

Neither too firm nor too loose soils are favourable for tree 
growth. Too firm soils make the penetration of the roots 
difficult, if not altogether impossible, prevent the admission 
of the necessax'y air, interfere with the movement of water, 
and incline towards swamjxiness accompanied by increased 
danger from frost, strong shrinking and cracking in summer. 
Too loose soils endanger the stability of the trees, are liable 
to be carried away by water or wind, suffer from too rapid 
drying and too rapid decomposition of the humus, and the 
plants growing in it are subject to frost lifting. The best soils 
are of middling consistency, such as lpam_ and caLcar_epus_soiJs 
with a good layer of humus. 

c. A suitable Decree of Moisture. 

By a suitable degree of moisture is here understood that 
degree, which corresponds to the natural requirement of any 
particular species. The more uninterruptedly that degree is 
maintained throughout the growing season, the more favour- 
able will be the development of the tree. 

Apart from climate and subsoil, the condition of the soil 
itself, its depth, porosity, the nature and proportion of its 
component parts affect the degree of moisture. The forester 
can do much, either to preserve moisture in the soil by 
excluding or reducing the agencies which dissipate it, or, if 
there is excess of moisture, by accelerating its consumption, 
and by draining. 

The absolute quantity of moisture required annually by 
each species is still under investigation, but experience has 
shown that a fresh soil with, as far as practicable, an even 
and constant degree of moisture suits most of the species 
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enumerated above. For the rest, they may be classified as 
follows : — 

Most moisture in the soil is required hij : Common alder ; 
next to this ash, most poplars and willows. 

Moist soil is liked hy : Oembran pine, hornbeam, ohn, liino, 
mountain ash, pedunculate oak. 

Fresh soil is liked by ; Silver fir, spruce, larch, beech, sessile 
oak, Norway maple, sycamore, Weymouth pine, sweet 
chestnut. 

On dry soil thrive: Corsican pine, Scotch pine, Austrian 
pine, birch, Eobinia and aspen. 

d. A suitable Chemical Coiivposition. 

Apart from water and gases, the soil consists of mineral 
and organic substances. These affect the development of the 
trees, partly by providing nourishment, and partly by deter- 
mining the physical properties of the soil. Woody plants take 
the greater portion of their nourishment from the air, more 
especially carbon, but a certain portion, including the mineral 
substances, is derived from the soil. Hence, it is of importance 
to ascertain the actual quantities of such substances in the 
plant. The contents of mineral substances vary in difforont 
parts of the tree; thus wood taken from the stem generally 
contains less than 1 per cent, of ashes (according to weight), 
branches and twigs about 2 per cent., bark 2—3 per cent., and 
leaves and needles from 4-6 per cent. Ebermayer* gives 
the quantities, as shown in the table on page 40, of the more 
important substances, which an average crop takes from the 
soil, per acre and year. 

The data of this table justify the following conclusions 
(1.) The substances required by forest trees are, qualitatively, 
the same as those required by field crops. 

(2.) Beech high forest requires, for the production of loaves 
and wood, nearly as much mineral substances as an avorago 

* Physiologische Chemic der I’flanzcii, Volume 1., pagt! 7til. 
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field crop ; it requires more lime, but much less of the rarer 
substances, such as potash and phosphoric acid. 

(3.) Conifers require smaller quantities, especially Scotch 
pine, which is satisfied with about one-fourth of those wanted 
by beech. 


Table showing the principal Mineral Substances taken Annually 
BY VARIOUS Field and Fobb.st Crops from an Acre op I, and. 


Description of Crop. 

I’otal 
Quantity 
of AfillUR. 

K 2 O. 

CaO. 

MkO. 

^2(>r. 

80 .,. 

SiOii, 


lbs. 

lbs. 

lbs. 

lbs. 

IKs. 

lbs. 

lbs. 

Field Crops : 

Eye, wheat, barley, oats 

18r> 

28 

14 

0 

21 

4 

100 

Leguminous Crops, 
various . 

173 

44 

44 

11 

27 

0 

0 

Colza .... 

109 

52 

30 

14 

43 

27 

0 

Clover (hay) 

303 

08 

307 

27 

3(> 

11 

0 

Potatoes 

231 

107 

30 

18 

32 

14 

8 

Beet .... 

320 

KU 

30 

24 

28 

11 

14 

Meadow Hay 

294 

71 

44 

18 

27 

11 

107 

Tobacco 

214 

55 

27 

13 

10 

12 

75 

Wine . . . ’ 

190 

84 

41 

15 

24 

... 


Average 

235 

78 

43 

37 

28 

11 

37 

Crops of Trces^ wood mid i 
lea ves : 

Beech, high forest 

104 

13 

89 

35 

12 

' 4 

50 

Silver fir „ 

123 

H> 

75 

10 

10 

4 

8 

Spi’uce „ 

138 

8 

02 

8 

7 

3 

45 

Scotch pine „ 

52 

0 

24 

5 

4 

2 

0 

Average 

J26 

11 

' 02 

10 

S 

3 

20 

Crops of Trees ^ wood only : 
Beech, high forest 

27 

5 

13 

3*7 

2*3 

0*3 

2*7 

Oak „ „ 

24 

2*7 

18*7 

0‘0 

O'O 

0*2 

0*4 

Silver fir „ 

17 

6 

4 

3 

3-8 

0*0 

0*0 

Spruce „ 

20 

4 

0 

2 

3*3 

0*0 

4 

Scotch pine ,, 

Birch, high forest 

13 

2 

8 

1 

0*0 

0*2 

0*4 

12 

2 

4 

2 

P2 

0*1 

0*0 

Average 

19 

4 

9 

2 

1*4 

0*4 

1*0 


(4.) For the production of wood alone (excluding the leaves), 
forest trees require much smaller quantities than field crops. 
Thus, beech takes only one-ninth, Scotch pine about ^th, and 
the six species enumerated on an average about •j^jjth of the 
quantity required by field crop.s. Of the rarer substances 
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potash and phosphoric acid, trees take, on an average, only 
about ^^th of the quantity necessary for field crops. 

(6.) Almost any soil can furnish a sufficient quantity of 
mineral substances for the production of a crop of trees, 
provided the leaf mould (humus) is not removed, and good 
soils will continue to do so, even if a certain portion of the 
humus is taken away. If, however, the removal of litter is 
carried on annually and for a long period, any but roally 
fertile soils are likely to become exhausted, just as lands, on 
which field crops are grown, cannot as a rule go on for evcjr 
without manuring. 

(6.) Poor soils, which are not capable of producing a crop of 


broad-leaved trees, may yet be able to yield a fair return if 
planted with less exacting conifers, especially Scotch and 
other pines. 

The above conclusions agree with the results of practical 
experience. It has been found that the quantity of wood 
production is not directly proportionate to the quantity of 
mineral nourishing substances in the soil. Again, woods 
thrive equally well on soils of the most different geological 
origin, while great differences exist in the development of one 
and the same species if grown on soils of the same geological 
origin. These phenomena are explained by the great import- 
ance of the physical properties of the soil, depth, porosity and 
a proper degree of moisture. To ensure a favourable ciondition 
of the physical properties, should, therefore, be the forester’s 
chief aim, and this he can do best by preserving the humus, 
especially on middling and poor soils. J[umu« increases tlie > 
epth of the soil, absorbs from the atmosphere considerable 
quantities of aqueous vapour, carbon dioxide and ammonia • 
according to Henri, it takes nitrogen direct from the air ; 
it IS capable of holding a large quantity of water, which 
1 gradually gives up to the lower layers of the soil ; it 
loosens too firm a soil, and gives somewhat more consistency , 
0 a SOI which by itself is too porous ; finally, it moderates / 
the extremes of cold and heat. The poorer a soil, the more ‘ 
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important is the preservation of the h ninns. At the same time, 
too large an accumulation of hmniis is likely to load to an excess 
of humic acid, followed by a deterioration of the soil and the 
formation of a pan. To avoid tins, the forester must tend his 
woods so that the decomposition of the humus proceeds at the 
most favourable rate. 

c. Siiiinimri/- 

Summarising all the demands which forest tree-s make on 
the soil, it may be said that all spiicies like a soil which is 
minerally rich, deep, porous, fresh, warm and rich in humus, 
such as a mild loam with a good layer of humus. Some 
species find the necessary conditions more on one class of soil 
than on another; for instance, oak, beech, ash, elm, maple, 
and Austrian pine like a certain quantity of lime in the soil, 
probably less on account of its cliomical comiaisition than of 
the physical qualities which an admixture of lime produces. 
Most coniferous trees, on the other hand, are more frequently 
found on loamy and sandy soils. 

Though all trees like a good fertile soil, the several species 
differ considerably as to the minimum of fertility on which 
they can thrive ; that is to say, some ai'o more exacting in 
their demands than others. In this respect the following 
scale is suggested : — 

Least exactiwi are: Austrian pine, Hcotch pine, Corsican 
pine, birch, poplars, tree willows, mountain ash, Bobinia, 
mountain pine and alder. 

Moderately exacting are : Weymouth pino, spruce, Combran 
pine, larch, lime, osiers, horse chestnut, hafiol, hornbeam, 
Norway maple and Douglas fir. 

Most exacting are : Silver fir, beech, sweet chestnut, sessile 
oak, sycamore, ash, elm and pedunculate oak. 

It will be observed that the valuable broad-leaved species 
are, on the whole, more exacting than the soft broad-leaved 
species and the conifers. 

Any classification like that given above must, however, be 
received with some caution; its object is merely to give a 
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general idea of the subject. In practice, deviations oc(!ur 
I constantly, according to the local conditions under which the 

j trees grow. 

( 

J SECTION IV.-EPPECT OP POBEST VEGETATION ON THE 

; LOCALITY. 

I It has been shown in the previous sections that tlui 

I condition of the locality governs the growth of forest trciis. 
j It is now necessary to consider the effect of forest vegetation 

i on the locality, more especially on two of its factors— humus 

; and moisture. This effect is produced chiefly by the following 

two agencies : — 

(1.) The protection which growing woods afford to the soil 
and adjoining layers of air. 

(2.) The humus which is formed by the fall of the leav(!H, 
branches, twigs, flowers, fruits, etc., and by certain 
plants growing under the shelter of trees. 

In well stocked woods, the crowns of the trees form a thick 
leaf canopy, or complete cover overhead. If tlio trees are all 
of the same age and height, the leaf canopy is at a uniform 
height above the ground, that height being at first small, but 
increasing with age. In woods of uneven age, the covtir is of 
a somewhat different nature ; it consists of groups of crowns 
at varying distances from the ground. In either case, the 
cover overhead protects the soil and adjoining lajasrs of air 
against sun and wind ; in even aged woods more against stm, 
and in uneven aged woods more against wind. 

Again, the trees shed their leaves, flowers, fruits, and even 
branchlets, while mosses and other plants, which thrive 
under the shelter of the leaf canopy, die ; thus a layer of 
humus on the soil is formed. Finally the roots of the trees 
penetrate into the soil and keep it together. 

The shelter from above, the humus on the soil, and the 
roots of the trees together produce certain effects, which may 
be summarised as follows : — ^ 

(1.) The temperature of the soil and the adjoining air is 
lowered during the day and raised during the night ; 
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hence, the extremes of temperature are moderated, and 
the climate rendered more equable. 

(2.) The mean temperature of the soil and the adjoining 
air is lowered. The reduction is gi-eatest in summer, 
next in spring, next in autumn, and it is slight in 
winter ; it is also greater in the soil than in the 
adjoining air. 

(3.) The relative humidity of the air is increased, and the 
evaporation from the upper layer of the soil reduced. 

(4.) A favourable degree of moisture in the upper layer of 
the soil is maintained, provided the total amount of 
precipitation does not sink below a certain minimum ; 
if the latter is the case, the level of ground water in the 
soil may be lowered by a crop of forest vegetation. 

(5.) Noxious forest weeds are kept in check. 

(6.) A steady and suitable progress in the decomposition 
of the humus is ensured, whereby the physical 
qualities of the soil are improved, or at any rate 
maintained. 

(7.) An additional supply of organic and nitrogenous 
matter, taken by the plants from the atmosphere and 
brought into the soil by the falling leaves, flowers, 
fruits, and twigs, decaying mosses and other plants, 
is procured. 

(8.) The soil is protected against the mechanical action of 
water and air currents, thus preventing or reducing 
denudation. 

To produce these effects in a high degree, it is necessary 
that the leaf canopy should be dense, so that it not only keeps 
out sun and air currents, but also yields a heavy fall of leaves 
for the production of humus. Only certain species of forest 
trees possess these two qualifications. During youth, most 
species answer, no doubt, very well; with advancing age, 
however, the crowns are not only lifted higher and higher 
from the ground, but most species thin out considerably. 
The result is that the leaf canopy becomes more and more 
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interrupted and thinner, followed by a crop of noxious weeds 
too rapid decomposition of the humus, accelerated evapoi'a- 
tion of the moisture from the upper layer of the soil, and 
generally a reduction of the fertility of the soil. To prevent 
such results, the forester must either cut over the woods 
before the process of thinning out has proceeded too far, or 
underplant such woods, or cultivate species which are capable 
of maintaining a complete cover overhead up to an advanced 
age. 

Amongst the timber trees, with which this book deals, beech, 
sil^ fir, spruce, Dougks fir, and hornbeam are tlie s2>ecioH 
which, above all others, preserye_.a„,coniplete leaf canopy 
until, or nearly to, maturity. These are shade bearing 
species. All other species are, with certain modifications, 
less capable of preserving the factors of the locality; the 
greater their light requirement and the thinner their crowns, 
the smaller is their capacity in this respect. Those hmst 
suitable are birch, poplars and Eobinia ; next willows, larch, 
most pines (with advancing age), oak, ash, elm, Norway 
maple, sycamore and alder. 

The production of humus from fallen leaves is greater in 
woods consisting of broad-leaved species than in coniferous 
woods, because the important broad-leaved species are 
deciduous, and shed the whole of their foliage every year, 
while, with the exception of larch, the conifers are evergreen.' 
The silver fir sheds about one-ninth of its foliage anminlly, 
spruce about one-seventh, the pines about one-third to on'e- 
fourth. The production of humus from fallen loaves is, 

generally speaking, greatest when the rate of height growth 
culminates. 


The accumulation of humus depends greatly on the 
rapi ity with which the leaves are decomposed, a process 
w ich IS regulated by the species, degree of cover overhead 
and the character of the locality. Generally speaking, 
uMdles d«ompM. more slowly than leaves. Oi needles, 
those of the lareh decompose most quickly, next porhapa 
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those of Weymouth -pine, Scotch pine, and Austrian pine, 
last those of silver fir and spruce. Of leaves, those of ash, 
alder, hornbeam, lime, and hazel decompose quickly ; more 
slowly the leaves of oak, birch, and sweet chestnut. The 
leaves of beech stand perhaps half-way, but as beech woods 
enjoy a dense shade, their accumulation of humus is much 
greater than that found in oak or birch woods. On cal- 
careous and sandy soils, humus decomposes more quickly 
than on loam and clay soils. It is also more rapid in warm 
low lands than in cloudy mountain regions. The most 
suitable, or normal, time for the process may be put at two 
to three years, when the most favourable results in respect of 
quantity and quality of humus are produced. 

A few words about each of the more important species 
will not be out of place here : — 

Beech improves the soil in the highest degree, because it 
has a dense crown and yields a heavy crop of leaves, which 
decay slowly. Beech woods, if undisturl)ed, show a thicker 
layer of humus than woods of any other species. 

Hornhcmii approaches beech in this respect, though it 
does not equal it. 

Lime gives good shade and a heavy crop of leaves, but its 
timber is of such inferior quality that it is rarely planted 
for economic purposes. 

Sweet chestnut sheds a heavy crop of leaves, but the leaf 
canopy is comparatively incomplete, admitting too much sun. 

Oak, ash and ^villow have too thin a leaf canopy to do 
justice, generally speaking, to the locality. 

Silver fir and spruce are capable of preserving a dense 
cover overhead up to an advanced age. Douglas fir stands 
near them in this respect. 

Evergreen comfers, other than silver fir, spruce, and 
Douglas fir, though they may not possess a dense leaf, canopy, 
are often capable of preserving the fertility of the soil for a 
certain period, because undjer . their half shade mosses grow, 
which protect the soil just as well as a thick layer of leaves. 
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When these conifers begin to thin out to some extent, tlie InoHS(^8 
disappear gradually, except in very moist localities ; hence, 
these species should not by themselves be treated under a high 
rotation, except on fertile soils. Of the conifers which are 
here referred to, Weymouth pine, Austrian pine, Corubran 
pine, and mountain pine have a fairly dense leaf canopy, and 
yield a considerable crop of needles, more especially Weymouth 
pine. Scotch pine has a thinner crown, and a tendency to 
open out after the age of thirty or forty years, w'hon the moss 
is liable to disappear and to be replaced by a crop of grass or 
heather. At the same time, the density of the leaf cano^jy of 
this tree differs very considerably according to the conditions 
under which it is grown. The Scotch pine grown in the moist 
climate of the British Isles gives a much denser cover than 
when grown in dry continental climates. 

Larch provides but a thin leaf canopy in summer, and is 
leafless in winter. It begins to thin out at an early age ; the 
moss disappears quickly, is replaced by grass, and the noodles 
decay rapidly, so that the tree is unfit for preserving tho 
fertility of the soil. 

The power of preserving the factors of the locality which is 
peculiar to the several species, governs their adaptabilily to bo 
raised in pure woods, a subject which will be dealt with 
further on. 

SECTION V.-ASSESSMENT OP THE QHALITT OP THE 
LOCALITY. 

It is the duty of the forester to determine, in the case of 
any particular locality, which species is best adapted for 
cultivation, so as to realise the objects of the proprietor. In 
order to attend to this duty successfully, means must bo 
provided by which the quality, or yicM capacity, of the locality 
can be readily ascertained. Various methods have been 
proposed for this purpose, of which the following two will he 
shortly considered here : — 

(1.) Assessment according to the several factors of the 
locality. 
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(2.) Assessment according to a crop of trees already 
produced on or near the locality. 

Whenever the second method is possible, it should be 
followed ; only in the absence of a forest crop should the first 
method be adopted. 

A third method may be mentioned. It has been proposed 
to assess the quality of the locality according to the natural 
appearance of certain plants, which would depend either on 
the presence in the soil of certain substances, or on certain 
other conditions. Though this holds good to some extent, the 
method of assessment by itself is without practical value in 
silviculture, but it may be used as an auxiliary of the methods 
now to be described. 

1. Assessment of the Locality accoruino to its Sbveeal 

Factors. 

The factors of the locality naturally arrange themselves into 
two groups, those of the climate and those of the soil and 
subsoil. 

As regards climate, it is necessary to ascertain : 

(a.) The geographical position of the locality, that is to say, 
the latitude, and in some eases, the longitude. 

(h.) The local peculiarities of the locality, such as altitude, 
aspect, slope, surroundings, temperature, moisture in 
the air, rainfall, exposure to strong, cold or dry winds, 
susceptibility to late or early frosts, etc. 

All these matters have been dealt with in a previous 
section. 

Turning to the soil, the following points, as already 
indicated, require attention ; — 

(a.) The depth of the soil. 

(h.) The degree of porosity. 

(c.) The degree of moisture peculiar to the soil. 

(d.) The chemical composition. 

A detailed examination of the factors of the soil is a com- 
plicated and difficult operation, which it is not intended to 
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describe here. There is, however, a somewhat rough and 
ready method, which generally suffices for silvicultural 
purposes, and which will be shortly indicated. 

The most convenient way of examining the soil is to dig 
holes, if possible in spots which promise to yield average 
results. On fairly level ground, a spot should be selected on 
an average part of the area, that is to say, neither in any 
small depression nor on any slight elevation which may exist. 
In hilly or mountainous localities, separate holes must bo dug 
on the ridge, the slope and at the bottom of the valley. The 
depth of the hole must be at least equal to the depth to which 
the roots ordinarily penetrate, that is to say, 3 to 4 feet. 
Where rock is met at a smaller depth than this, its stratifica- 
tion and general composition should be ascertained, as well as 
its effect upon the regulation of moisture and the stability of 
the trees. One side of the hole, at any rate, should lio 
perpendicular, so that the thickness of the successive layers of 
the soil can be measured, in so far as they are indicated by 
different colour, different degree of cohesion, and other outward 
signs. The depth to which the soil is coloured dark by humus 
should be specially noted. 

This operation will show, whether the soil is sufficiently 
deep to admit of a proper spreading of the roots, and if not, 
the examination of the subsoil will indicate, how far the latter 
can make up for the shallowness of the surface soil. The 
same operation will indicate, what effect the depth and nature 
of the soil have on the degree of moisture. Next, the degree 
of division, or the nature of the grain of the soil, must bo 
ascertained. This can be done by shaking a sample, if nocos- 
sary of each successive layer, with about three times its volume 
of water in a graduated tube, until all parts are thoroughly 
separated ; the tube is then placed in a vertical position and 
watched. As coarse grains settle more quickly than fine 
grains, it follows that the time occupied compared with the 
thickness of the deposit indicates the degree of division of the 
particles. A high degree of division indicates a stiff soil, the 
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presence of coarse grains the reverse, and thus an idea can be 
formed of the degree of porosity. 

If necessary, the capacity to absorb water, to attract it from 
the subsoil, to retain it, and the hygroscopicity of the soil can 
be ascertained by special experiments, but in practical silvi- 
culture they are rarely called for. 

The exact composition of the soil can be ascertained only 
by means of a chemical analysis. In practice, the forester 
can easily acquire the faculty of distinguishing in a rough 
and ready manner between the several constituents. He 
recognises : — Clay by a high degree of cohesion, a fatty feeling, 
active absorption of water while emitting a clayey smell, slow 
disintegration in water, slow drying followed by cracking, 
frequently a grey colour, etc. ; loam by a lesser degree of 
cohesion thazi in the case of clay, rougher feeling, quicker 
disintegration in water, and generally a more reddish colour; 
lime by active effervescence if treated with an acid, porosity, 
light whitish to greyish-white colour, which is, however, 
frequently turned red by iron, a rough but line grained feeling, 
etc. ; sand by very slight cohesion, or hard grainy feeling, 
immediate disintegration in water and rapid settling down in 
it, a light, glossy, shiny, yellowish- white colour, often con- 
verted into red by iron, into white by lime, into black by 
humus; kuinm by its porosity and light weight, peculiar 
smell like that of fresh garden earth, rapid disintegration 
in water, which remains dark coloured for a long time, 
blackish colour which disajzpears on roasting ; iron by red 
colouring, etc. 

In order to recognise more easily the principal constituents 
of a soil and their proportion, a sample may be mixed in a 
glass tube with about twice its volume of water, well stirred 
until completely dissolved, and then allowed to settle. At 
the bottom of the glass tube the following deposits will be 
observed, beginning with the lowest : — 

First : The rougher grains of sand. 

Second : The finer grains of sand. 
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Third : Lime, chalk, and the coarser clay. 

Fourth : The finer clay and particles of humus. 

The thickness of the layers indicates the proportion of each 
substance. 

In spite of the most persevering attempts, experience has 
shown that the assessment of the locality in the manner 
indicated above is always subject to grave errors, because the 
various factors may compensate each other, rei)lace one 
another, or may be altogether unassessable. To make 
matters worse, the factors are rarely the same over extensive 
areas, but change from one spot to another. On the whole, 
the method which has just been indicated can only serve as 
a makeshift when no better means of assessment are available, 
or as a help in the application of the method now to bo 
described. 

2. Assessment op the Locality accobding to a Chop of 
Teebs peoducbd by it. 

When a locality has already produced a crop of trees, it 
may be assumed that, unless extraordinary events or irregular 
treatment have interfered with the development of the trees, 
the effects of all its factors have found due expression in such 
crop, which is therefore the best guide for the assessment of 
the quality, or yield capacity, of the locality. If, for instance, 
an acre of ground has produced a total quantity of 5,000 
cubic feet of wood in the course of 100 years, the quality, or 
annual yield capacity, is represented by = 50 cubic feet, 
in other words, by the mean annual production. 

The applicability of this method depends principally on 
the following three conditions : — 

(a.) That the existing wood has grown up under normal 
conditions ; in other words, that no extraordinary dis- 
turbing events have occurred which affected the health 
and development of the crop, as, for instance, damage 
by cattle or deer, insects, fire, theft, removal of litter, 
faulty treatment, etc. 

a 2 


52 


LOCALITY AND FOEEST VEGETATION. 


(6.) That the factors of the locality have not undergone 
any decided change, either for the better or worse, 
during the production of the crop ; for instance, the 
stock of humus or the degree of moisture may have 
been affected by exteimal interference. 

(c.) That the existing crop is of a suflicient age to make 
sure that the factors of the locality have found full 
expression in the same, since a wood may thrive well 
• up to a certain age and then fall off considerably. 
Whenever these conditions exist to a fair extent, the 
method of assessment is the best which is at the forester’s 
disposal ; and in its application he need not restrict himself 
to a crop actually growing on the area, but may be guided by 
one growing on a neighbouring piece of land, provided the 
general conditions are about the same in both cases. 

A great quantity of data bearing on the yield capacity of 
land under forest has, in the course of time, been collected 
and brought together in so-called “ Yield Tables,” that is to 
say, tables which indicate the yield which an aci'e of land 
may reasonably be expected to give according to quality. 

The details regarding yield tables will be found in 
Volume III. of this Manual. By way of illustration the 
following data may be given : — 


Total Peoduction op Timbee and Piekwood in the counsu op One 
Hundred Ybahs, in solid Cubic Feet pee acuk. 



Total Production on the 


Species of Tree. 

I., or Bc-st 
Quality. 

n., or 
Medium 
Quality. 

.. . 

HL, or 
Loweiit 
Quality. 


Silver fir ... 

Spruce .... 
Beech .... 
Scotch pine . 

Oak grown on alluvial 
soil .... 
Larch .... 
Alder .... 
Tiii'Ch .... 

J-. ^5^ 

OOOO OOOO 

OOOO OOOO 

OOOO OOOO 
OOOO OOOO 

10,700 

7.200 

4.700 
3,500 

6.200 
1,800 

1.700 
1,100 

1 Bata derived 

1 from numerous 

1 and reliable 

1 measurements. 

Bata somewhat 
' - less 

, reliable. 
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The quantities given for the first quality are the highest 
which can he produced, and they are comparable for the 
several species ; the same may fairly be said regaixling the 
figures given for the second, or medium, quality. The 
quantities given for the third, or lowest, quality are less 
comparable, because the lowest limit suitable for the several 
species differs considerably. Of our more common forest 
trees, silver fir produces the greatest quantities, and sj)ruco 
comes near it. As regards oak, it should be noted that the 
figures refer to woods grown on alluvial soil only ; there are 
as yet no data available for oak grown on other lands. 

Taking Scotch pine as an example, it may be said that, 
if a locality stocked with it has produced 13,500 cubic feet of 
woody matter in the course of 100 years, that locality is of 
the first, or best, quality or yield capacity ; if it has produced 
8,500 cubic feet, it is of a medium quality ; and if the 
duction amounts to only 3,500 cubic feet, the quality is of 
the lowest, on which that species is ordinarily grown. 

The quantities given above include all thinnings taken out 
of the woods in the course of the 100 years. 

Of exotic species, it may be said that Douglas fir and Sitlca 
spruce are likely to yield higher quantities than silver lir and 
Norway spruce respectively. As regards other exotic trees, 
the experience is as yet limited. 
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DEVELOPMENT OE FOREST TREES. 

In dealing with the shape and development of forest trees, 
it is assumed that the student has already acquired a botanical 
knowledge of the several species, so that here only their 
silvicultural chai'aeteristics need be described, more especially 
the shape peculiar to each species, the height, diameter and 
volume growth, lease of life, and reproductive power. 

1. Shape. 

Different species of trees naturally develop different shapes. 
Some species, like spruce, silver fir and larch, have a decided 
tendency to form a strong stem in preference to the develop- 
ment of the crown. Other's, like oak, lime and sweet chestnut, 
develop their crown in preference to the stem. Some species 
are frequently forked, as ash, Eobinia, and also elm. 
Cembran pine often shows a candelabra-like shape, especially 
in stony localities. The actual shape depends, however, on a 
variety of influences, amongst which the following may be 
mentioned : — 

a. Growing Sj^ace. 

The individual character of a tree can be best recognised if 
it has grown up in a free position, so that its natural 
development has not been interfered with. When trees have 
been reared in this wajq their shapes can be classified as 
follows : — 

An undivided stem throughout have : Spruce, silver fir, larch, 
Douglas fir, also Weymouth pine. 

Divided in the wpper part only are : Scotch pine, alder, 
beech, black poplar, Cembran pine. 
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Divided somezvhat lower doivn are: Ash, Norway maple, 
sycamore, elm, sessile oak, sweet chestnut. 

Decidedly branching ivith a divided stem Lrmiyarativehj low 
down : Pedunculate oak, lime, hornbeam, mountain pine. 

The shape is considerably altered when the trees are grown 
in crowded woods, where each enjoys only a limited growing 
space. In that case all species have a greater tendency to the 
development of stem than of crown, and this is in tlie same 
proportion as the species is light demanding and the growing 
space reduced. Thus, the crown of the silver fir covers often 
the whole of the upper half of the tree, that of spruce the 
upper third (and generally a little more), also that of beech 
and hornbeam; the crown of larch, Scotch pine, oak, birch 
and aspen is reduced to the up)permost j)art of the stem. 
The effect is that the more elevated the crown, the nearer 
will the shape of the bole approach that of a cylinder, and 
consequently the more valuable it will be. 

b. Age. 

All species, when grown in crowded woods, develop during 
the early part of life a conically shaped crown, but when tlu^y 
approach their full height the crowns differ considerably, so 
that the following classification applies : — 

A conical crown zoith thin bz'anches have : Spruce, silvcu’ fir, 
Douglas fir, larch. 

An egg-shaped crozvn have : Elm, beech, Norway maple, 
sycamore, birch, sessile oak. 

An inverted hz'oom shape horizontally extended^ with strong 
branches have: Pedunculate oak, sweet chestnut, l>lack 
poplar, lime. 

After the height growth has been completed, the crowns of 
trees become flat or rounded off, more or less extending in 
breadth. Only spruce makes an exception, as the leading 
shoot continues to grow up to a great age, thougli very 
slowly. 

The practical conclusion to be drawn from these peculiarities 
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is that only shade bearing species, which are satisfied with a 
limited growing space, are capable of preserving a complete 
cover up to an advanced age, such as beech, silver fir, spruce, 
Douglas fir, and also hornbeam. Much inferior in this respect 
are ash, Scotch pine and larch, chiefiy because they are light 
demanding ; also maple and sycamore. If to the demand for 
light is added a strong tendency to develop branches, then the 
interruption of the cover occurs early, as in the case of oak 
(especially pedunculate) and sweet chestnut. This tendency 
is the more pronounced, the less suited the locality is for the 
species. 

c. Soil, 

The nature of the soil influences the shape of the trees in 
the case of all species. T'resh, deep, fertile soils encourage 
height growth. Shallow, rocky soils produce only short 
stems with a tendency to divide the stem and develop 
branches. 

d. Situation. 

The development of stem decreases and that of branches 
increases in the same degree as the species is removed from 
its optimum. At great elevations, the shape is reduced to 
that of a shrub or bush. Similar phenomena are observed on 
proceeding north, and in localities exposed to cold winds. Trees 
exposed to continuous strong winds, as near the sea coast, 
assume often a one-sided shape. 

2. Height Gtbowth- 

The energy of height growth differs not only according to 
species, but is also subject to considerable modifications in the 
case of one and the same species, according to the age of the 
tree, the locality, method of formation and the treatment. 

a. Species. 

Amongst the trees here under consideration, spruce, silver 
fir, larch and Weymouth pine attain the greatest height ; they 
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ordinarily reach a height of 120 feet, and under favourable 
conditions, nauch more. Douglas fir in Vancouver Island 
reaches a height of 800 feet, and it is likely to reach in 
Western Europe a greater height than the indigenous trees. 

Next come: Beech, Scotch pine, Corsican pine, oak, ash, lime, 
elm, Norway maple, sycamore; then poplar and birch. I'hese 
species do not, except under specially favourable conditions, 
exceed a height of 110 feet. 

Beech reaches in Normandy a height of 170 feot; oak one of 
150 feet, but these are exceptional heights. 

Next come : Austrian pine, Cembran pine, hornbeam, alder, 
willow. They do not, as a rule, exceed 75 feet in height. 

h. Age. 

The energy of height growth during the first part of libs is 
of special importance in silviculture. Generally, the light 
demanding species are at this time faster growing than the 
shade bearing species. Assuming favourable conditions of 
growth as found in the natural home of each species, tlusy 
may during youth be arranged as follows, commoiicing with 
the fastest growing kind ; — 

Birch, larch. 

Aspen, alder, Norway maplersycamore, ash, lime, elm. 

Douglas fir, Weymouth pine. 

Scotch pine. 

Austrian pine. 

Sweet chestnut. 

Beech, oak. 

Hornbeam. 

Spruce, Cembran pine. 

Silver fir. 

Yew. 

As soon as the first youth, say up to 20 or 30 years, has 
een passed, a considerable change occurs. Some species, 

1 e larch, and under favourable circumstances also Douglas 
fir, Weymouth pine, Scotch pine and birch, preserve their 
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fast growth until they have comi^leted their principal height 
growth. 

Others, like Cembran pine and hornbeam, remain slow 
height growers throughout life. The majority of species, 
however, increase their rate of height growth considerably, 
and this is especially pronounced in spruce, silver fir, also 
beech and oak, so that they soon reach and surpass trees like 
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Fig. 1.— Diagram illustrating the Relative Ilnghl Orovvth of Spnuuj, Silver Fir, 
Beech, and Scotch Pine on Local itio.s rh* the First Quality. 

ash, Norway maple, sycamore, aspen, which do not grow at the 
same rate. 

The duration of height growth in the more advanced 
periods of age is greatest in those species in which, the 
development of stem naturally predominates over that of the 
crown, such as spruce, silver fir, larch, Douglas fir, and Wey- 
mouth pine, and these species reach ultimately the greatest 
height. 
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Among broad-leaved species, sessile oak, elm and beocli 
preserve their height growth longest. In the case of the 
other broad-leaved species, the crown is rounded off at an 
earlier period, when height growth practically ceases. 

c. Locality. 

The factors of the locality have a decided effect upon height 
growth. It has already been pointed out that deep, fresh, 
fertile soils produce much higher trees than shallow, dry, 
rocky soils. Elevation exercises also a considerable influence. 
It may be said that every species shows its greatest height 
growth at that elevation which offers the most favourable 
climatic conditions for its growth ; above that elevation the 
height growth decreases, and in many cases also below 
it. In situations exposed to strong air currents and other 
unfavourable influences, height growth is comparatively small. 

d. Methods of Formation and of Treatment. 

They affect the height growth principally on account of 
their effect upon the establishment ^nd preservation of a 
complete leaf canopy. The more complete the cover, tlie 
better will be the effect upon the height gi’owth of most 
broad-leaved species, Scotch and other pities ; it is less pro- 
nounced in the case of silver fir, spruce and larcli. In this 
respect the manner in which thinnings are conducted is 
of paramount importance, a subject which is dealt with in 
Part III. of this volume. 

3. Diametbk Growth. 

Generally speaking, the increase of the diameter of the 
stem (or bole) is, in the case of all species, fairly pro- 
portionate to the height growth, that is to say, both height 
and diameter growth are greatest at the same period of life. 
In the case of light demanding species, the diameter 
increment often reaches its maximum between the 20th and 
30th year of age, a good increment being maintained up to 
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the 50th or 60th year, when it commences to fall off. Shade 
bearing species and oak reach the maximum diameter 
increment later on, but it is also longer maintained, often up 
to the 90th year, before it commences falling off to any 
considerable extent. 

Apart from species, the diameter increment depends on — 
{a,) The quality of the locality. 
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Fig. 2.— Diagram illustrating the DiamHer Growth of Silver Fir, Spruce, Beech, 
and Scotch Fine, on Localities of the First Quality. 


(6.) The amount of light which the tree receives and can 
utilize ; in other words, the extent of the crown, which 
is governed by the growing space. 

Limited space in a crowded wood reduces the diameter 
increment, a free position increases it ; hence, height growth 
and diameter growth frequently demand opposite con- 
ditions- It is the business of the forester to give the most 
profitable growing space; in other words, to give to the 
individual trees from time to time sufficient room to en- 
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courage diameter growth, without endangering the progreHS 
of the height growth. 

The effects of a great surface of foliage and unimpeded 
enjoyment of light are very remarkable, when healthy trees, 
which have been raised in a crowded wood, are gradually 
given more growing space. Such an opening out can, 
provided the period of height growth has not come to an end, 
produce a revival of the diameter increment, after its ilrst 
maximum has been passed, due to an increased leaf surface, 
or to a greater intensity of action, even if the leaf canopy 
is not materially extended. This revival of diameter growth 
generally lasts for a number of years, differing according 
to species and quality of locality ; then it gradually dies away 
again. Nor does a tree profit by an excessively largo loaf- 
surface, because there is a limit, beyond which a tree cannot 
assimilate and convert into wood the nourishing elements 
available to it. 

Where both great height and diameter growth are wanted, 
it is best to keep the wood fully stocked during youth, and to 
give only a moderate growing space to each tree until towards 
the end of the principal height growth, when the growing 
space of each remaining tree should gradually be increased, so 
as to develop more extended crowns and greater diameter 
growth. This is only possible while height growth is still 
going on ; once that has stopped, the thinning out will not he 
followed by any appreciable extension of the crowns, which 
can only be produced by transferring to it the energy of 
height growth. The possibility of such a transfer is longest 
preserved in silver fir, spruce, oak, and beech. 

4. Volume Gkowth. 

The increase in volume depends' on both height and 
diameter growth, and that method of treatment, which 
promotes each in due proportion, must ultimately yield the 
largest volume ; in other words, woods should be neither too 
crowded, nor too open. In the one case thin tall trees, and in 
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the other short thick trees would be produced. The most 
favourable density of the crop can only be ascertained by 
accurate statistics. Experience has shown that the greatest 
volume is ultimately obtained, if the woods are moderately 
heavily thinned from their youth onward, but this interferes 
often seriously with the quality of the timber. 



A(!.E, IN VUAKS. 

Fig. 3. — Diagram illustrating the PrudmtUm of TimVe.r per Acre, on Localities of 
the First Quality, by Spruce, Beech, Scotch Pine, and Silver Fir. 


Apart from these general considerations, a great difference 
exists in the volume produced by the several species when 
grown in regular woods ; in this respect, some of the more 
important kinds may, according to the latest investigation, be 
arranged in the following manner, commencing with that 
species which produces the greatest average increment, 
calculated for a prolonged space of time. 





NUMBER, OF TREES. 


VOLUME GEOWTH. 

Douglas fir, silver fir, spruce, Weymouth pme, larch, 

beech, Scotch pine, oak, ash, birch. 

On the whole, conifers produce much larger volumes than 
broad-leaved species. The diagram on p. 62 will illustrate 
this. 





Fig. 4. — Diagram illustrating the Mwihe?' of Trees per Acre at VaritniH Ag(tH, 
and on Localities of the First Quality, of Spruce, Silver Fir, Beech, ami 
Scotch Pine. 


The increment laid on by an individual tree does not 
by itself govern the increment produced per acre, because 
the latter is represented by the increment per tree multiplied 
by the number of trees per acre. For instance, if an acre of 
ground can hold 100 mature silver firs, each of which has a 
volume of 100 cubic feet, the total volume per acre will be 
10,000 cubic feet ; if an acre can hold 50 mature oak trees, 
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each with a volume of 150 cubic feet, the total volume per 
acre will be only 7,500 cubic feet, or 2,500 cubic feet less 
than in the case of silver fir. 

The number of trees which find room on an acre of ground 
depends chiefly on : — 

{a.) The light requirement of the species. 

[b.) The tendency of the species to develop the crown in 
preference to the stem. 

(c.) The quality of the localit 3 ^ 

Hence, an acre stocked with the light-demanding birch, 
ash, or spreading oak, contains a smaller number of trees and 
a smaller volume than an acre stocked with beech. Again, 
larch and Scotch pine woods contain fewer trees and a 
smaller volume per acre than silver fir and si)ruoe woods. 
The number of trees per acre on a fertile soil is considerably 
smaller than on an inferior soil. 

Tull details on this question will be found in Volume III. of 
this Manual. In the meantime, the accompanying diagram 
(p. 63) will give a general idea of the numl)er of trees found on 
localities of the first quality in the ease of spruce, silver fir, 
beech, and Scotch pine. 

5. Ddeation op Life. 

A great difference exists in the age which the various 
species attain ultimately. If grown under conditions which 
are in harmony with their requirements, the yew lives for 
more than 1,000 years, the oak comes often near that age, if 
it does not exceed it ; lime, elm and sweet chestnut reach and 
surpass an age of 500 years; beech reaches a similar age 
under favourable circumstances, but ordinarily both beech 
and silver fir die before that age. A limit of 300 years may 
be assigned to ash, maple, sycamore, spruce, larch, Scotch 
pine and hornbeam ; while aspen, birch, alder and willow 
live, under ordinary conditions, little beyond 100 years. 

In forestry, the trees are, as a rule, cut over long before 
they have reached the natural limit of their life^. Nevertheless, 
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many cases occur, where trees have been grown under 
conditions which are not quite in harmony with their 
requirements, so that they die, or at any rate fall off in 
health and growth long before they would, in the ordinary 
course, be cut over ; hence it is of importance to coiiBidor the 
conditions under which the growth continues to be healthy to 
an advanced age. 

In the first place, the nourishing organs, crown and roots, 
must be able to develop normally in accordance with the 
requirements of the tree at the different periods of life ; 
in other words, they must be given at all times the required 
growing space, without, however, checking their height growth 
or interrupting the cover overhead for a lengthy period of 
time. Unless a tree is provided with a sufficient quantity of 
organs, it will not be able to overcome successfully internal 
and external damage which endangers its life. The power of 
resistance in this respect differs considerably in the various 
species. It is great in oak, hornbeam, lime, willow, elm, yew 
and Cembran pine, but small in alder, Norway maple, nyca- 
more, beech, spruce. 

The second condition of longevity is, that the locality 
should offer to the tree all it requires for a proper develop- 
ment. On the whole, it may be assumed that, where a tree 
is indigenous, it finds all it requires (though this is not 
without exceptions). Localities with different factors are 
liable to be un suited to the species, either from offering too 
little or too much in respect of temperature and moisture, or 
insufficient nutriment and depth in the soil, etc. Either 
case may be injurious to the development of the tree, and 
especially to the quality of the timber produced. For instance, 
spruce is naturally fond of a cool climate ; by transferring it 
to the dry and warm air of the low lands it generally grows 
much more quickly, but does not yield the same quality of 
timber, is shorter lived, and subject to more dangers, than in 
it's mountain home. 

Trees raised in fully stocked compact woods do not live as long 
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as when grown in the open. Moreover, in that case various 
other important considerations must he taken into account. 
After having weighed these, the forester decides on the 
age limit which is most likely to realise the objects of 
management. 

' What the objects of management are, has been indicated 
in the Introduction to this volume. They govern the deter- 
mination of the rotation, or the time which elapses between 
the formation and final cutting over of a wood. Whatever 
motives may influence the determination of the rotation from 
a silvicultural point of view, under the method of natural 
regeneration it should be so fixed as to admit of a proper 
regeneration of the wood, whether by seed or coppice shoots ; 
in other words, the wood must be cut over while the repro- 
ductive power of the species is in an active condition. For 
further details regarding the determination of the rotation 
the reader is referred to Volume III. 

6. Eepeoductive Power. 

The tendency to reproduce the species manifests itself 
throughout Nature ; in fact the energy devoted to reproduc- 
tion is frequently stronger than that bestowed upon the 
preservation of life. Forest trees, in obedience to this law, 
produce seed during a considerable part of their life, and in 
large quantities. 

In silviculture, the reproduction of trees and woods is 
effected in two distinct ways, namely : — 

(a.) From seed. 

(6.) From shoots which spring from the stool or the roots, 
followed, in many cases, by the division of the mother 
plant. 

a. lieproduction from Seed. 

This is the more common form of reproduction, and on it 
depends the regeneration of high forest. 

The greater the production of seed, and the better its 



EEPRODUCTIVE POWER. 


67 


quality, the more assured is reproduction; both quantity and 
quality of the seed depend on the age of the trees, the locality, 
the available light and the species. 

(1.) Age. — The first point of interest is the time when the 
various species commence to produce seed fit to germinate. 
Apart from single trees here and there, the average period 
may be placed as follows, in the case of trees grown in regular 
woods : — 

At the age of 25 — 30 yeans : Mountain pine, birch, white 
alder, aspen, Eobinia. 

At the age of 30 — 40 years : Scotch pine, Austrian pine, 
Weymouth pine, larch, Norway maple, common alder, 
lime, horse chestnut. 

At the age of 40 — 50 years: Hornbeam, elm, ash, sycamore. 

At the age of 50 — 60 years : Spruce, sweet chestnut. 

At the age of 60 — 70 years .- Beech. 

At the age of 70 — 80 years: Silver fir, Combran pine, 
oak. 

The most favourable age for the production of sa(!d is, 
ordinarily, that when the principal height growth is about to 
be completed, and when an extension of the crown talcos 
place ; in other words, when the individual tree lays on its 
maximum volume growth. 

(2.) Locality. — The weather during the year, especially 
during the time of flowering and of the ripening of the seeds, 
governs the production or failure of seed. Temperature is of 
first importance ; where that is deficient, the production of 
seed is seriously endangered. Tree seeds contain a compara- 
tively large proportion of ash, and their production necessitates 
increased assimilation of substances from the soil; hence, 
fresh fertile soils produce more and better seed than poor 
soils. A crop of seed requires also large quantities of starch 
and nitrogen, the supply of which is, in consequence, much 
exhausted. 

Many species no longer produce seed fit to germinate (or 
only in small quantities or in exceptionally favourable years) 
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when they have been cultivated beyond the limits of their 
natural home, as, for instance, sweet chestnut and English 
elm in the north of England- Other species are very 
accommodating in this respect, such as birch and Scotch pine. 

(3.) Light — Increased assimilation requires an increased 
supply of light to the crown.; hence, trees growing in the open 
or on the edges of woods produce more seed than those 
hemmed in. Suppressed trees rarely produce seed. 

(4.) Species . — The power of reproduction from seed differs 
considerably in the case of different species ; it depends on the 
total quantity of good seed produced during a certain period, 
or on the annual average. The quantity of seed is governed 
by two things : — 

(a.) The average yield of each seed year. 

(b.) The frequency of seed years. 

As regards the average yield per seed year, the species can 
be arranged into two sections' as follows : — 

Heavy crops : Beech, oak, spruce, Scotch pine, birch, horn- 
beam, elm, alder, aspen, willow. 

Lighter crops: Ash, maple, sycamore, silver Hr, larch. 

On the other hand, the species may, as regards frequency 
of seed years, be arranged as follows : — 

Beech seeds only after intervals of six, eight, ten, and even 
more years. 

Oak, spruce, Scotch pine, and alder seed, on an average, 
every three to five years. 

The remaining species seed after shorter intervals, and 
some do so every year. 

Taking both factors into consideration, the species may be 
arranged into the following scale : — 

Best: Birch, aspen, willow, hornbeam. 

Next : Scotch pine, spruce, wych elm. 

Next: Norway maple, sycamore, silver fir, larch, lime, ash, 
oak. 

Last: Beech. 

On the strength of long continued observations in Prussia, 
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Professor Schwappach has 

compiled the following data : — 

Placing the quantity of seed regarded 
100, 

as a full crop equal to 

Bireh 

gives annually on an 

average 

45 

per cent. 

Hornbeam 

99 

99 

99 

42 

99 

Common alder 

99 

99 

99 

40 

99 

Scotch pine 

99 

99 

99 

38 

99 

Spruce 

99 

99 

99 

37 

99 

Silver fir 

99 

99 

99 

84 

99 

Ash 

99 

99 

99 

33 

99 

Pedunculate oak 

99 

99 

99 

17 

99 

Beech 

99 

99 

99 

16 

9 9 


Thus, birch would yield the quantity of a full crop al)out 
every two years, while the beech requires more than six 
years. 

Such figures ai'e, however, liable to considerable variations, 
according to the local climate. 

Another very important point is the size and nature of the 
seed. Species which have a small, light and winged seed 
reproduce themselves more easily and exten.sively, than those 
with a heavy or wingless seed. Moreover, it so happons that 
the species with light or winged seeds, such as birch, aspen, 
willow, Scotch pine and spruce, are comparatively less sensitive 
in respect of the factors of the locality, than, for instance, 
oak, beech, silver fir, maple and sycamore, with their heavy 
seeds. The consequence is that the power of reproduction 
peculiar to the first named species is much greater than that 
of the last mentioned. Instances where oak and beecli are 
ousted by Scotch pine and spruce can frequently be seen, 
while the latter, in their turn, have to struggle against the 
inroads made on them by birch, aspen, and willow. 

b. Reprodiietion Jrom Stool shoots and Hoot snekers. 

This method of reproduction applies to coppice woods. It 
occurs in two ways : — 

Either; On that part of the stem which remains, after a 
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tree has been cut down, dormant or adventitious buds 
develop into shoots ; they are called “ stool shoots.” 

Or: Buds are formed on the roots, which develop into 
aerial shoots, such shoots being called “ root suckers.” 

In both cases the nourishment and growth of the new 
individual depend on the continued root activity of the mother 
plant. If the new individual is capable of producing root 
buds and of developing them into roots, it becomes inde- 
pendent of the mother plant ; in such a case, reproduction is 
established by a division of the mother plant. 

Reproduction in the manner just desci-ibed is strongest 
during youth, and the faculty is maintained, according to 
species, for different periods of time. The hotter the condi- 
tions of growth, the longer will the reproductive power be 
maintained. A thin and young bark reproduces more freely, 
than thick and old bark. Favourite places are the neck of 
the root stalk and wounds. 

An essential condition of a cojuous reproduction in the 
manner described is full enjoyment of light; stools standing 
under cover develop either feeble shoots or none at all. 

As regards species, the following classification may be 
made : — 

The li<q)rocliuiioii. is maintained beyond an aye. of 40 years 
in the case of: Oak, sweet chestnut, hornl)eara, elm, 
alder. 

Tt ceases at an earlier aye in ; Beech, birch, Norway majde, 
sycamore, ash. 

The conifers have no power of reproduction of this class 
worth mentioning, as far as silviculture is concerned. 

Some species produce only stool shoots, others only root 
suckers, and others again both ■ 

PrineijMlly stool shoots : Oak, hazel, hornbeam, beech, elm, 
sweet chestnut, lime, black poplar, alder, ash, sycamore, 
maple, willow, birch. 

Principally root sn,cke.rs: Aspen, white alder, Robinia, 
white poplar, and willows. 
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The age to which stools live differs considerably, according 
to species and locality. While the stools of oak and hornl)eam 
last for centuries, those of beech are comparatively short lived. 
The osiers in the Thames valley, if coppiced annually, are 
said to last only about 10 years. 
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CHAPTEE III. 

CHAEACTER AND COMPOSITIOlir OF WOODS. 

In silviculture, trees are only in exceptional cases reared in 
free positions ; as a general rule they are grown in consider- 
able masses, -which form more or less fully stocked woods. 
These may be composed of one species only, or they may 
contain a mixture of two or more species ; in the former case 
they are called woods, and in the latter Diixrd icoods. 
Naturally pure woods occur only under certain conditions, as, 
for instance, when the factors of the locality suit only one 
particular species, or when the vitality and energy of one 
species has gradually ousted all others. Species which appear 
naturally in pure woods are called (/miarions. In the tropics 
and sub-tropics, mixed woods prevail ; on going north pure 
woods appear, and in the northernmost latitudes where 
forests exist, pure woods are frequent. In the countries round 
the Baltic and in northern Itussia, pure woods of spruce, 
Scotch pine, larch and birch are of common occurrence, due 
to natural causes, and not to artificial interference. The same 
law holds good, more or less, on rising in mountains. 

SECTION I.-PrrRE WOODS. 

Practically, woods are rarely quite pure, because in most 
oases specimens of other species, which it was not intended to 
rear, make their appearance uninvited. As long as such an 
admixture is slight, accidental and not taken into account by 
the management, the character of the pure wood may be said 
to be preserved. 

The principal advantage of pure over mixed woods is that 
they are easier to manage, because the requirements of only 
one species have to be considered. On the other hand, they 
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have often disadvantages as compared with mixed woods, 
which will be dealt with in section II. of this chapter. 

The fitness of a species to be raised in pure woods depends 
on its capacity to preserve, or even improve, the factors of 
^the locality, in other words, whether the species proservos a 
complete leaf canopy to an advanced age, and socnres the 
preservation of a sufficient layer of humus. As indicat(?d 
in section IV. of chapter I., beech, silver fir and spruce act 
most beneficially in this respect, and next'lb those Douglas 
fir and some of the pin§s. Apart from them, sovoral others 
are frequently grown in pure woods, such as oak, larch, Scotch 
pine, and willows, on account of their great utility. 

Of the remaining, or so-called dcfeniUnt spocies, few are 
found in pure woods, and then only under special circum- 
stances; for instance, hornbeam replaces beech in frost 
localities, Cembran pine and mountain pine occur at high 
elevations, maritime pine on dunes near the seashore, alder 
in wet localities, sweet chestnut as coppice for pit wood, liop 
poles, vine stakes, etc. On the whole, it may be said that 
dependent species may be grown as pure woods in the 
following cases: — 

(1.) If the factors of the locality are such that an iniporfoct 
cover and want of humus do not materially injure them ; as 
on deep fertile soils, which enjoy an ample and well distri- 
buted rainfall, or which are kept moist by ground water or 
irrigation. 

(2.) If the woods are treated under a short rotation, so that 
they are cut over before any excessive interruption of the huif 
canopy has set in ; or if it is intended to underplant them 

when they commence to open out, as in the case of oak, larch, 
and Scotch pine. ^ 

(3.) If the object is to utilize localities which are only fit for 
one species; for instance, alder and willow on wet soils 
hornbeam in frost localities, etc. 

(4.) If only one species finds a ready market, or is required 
for a special purpose. 
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Except in such cases, all clej)endent species should be raised 
in mixed woods. 


SECTION II.-MIXED WOODS. 

A mixed wood may be so arranged that every tree of one 
species alternates with a tree of another species, in which 
case the mixture is called one hy sinyle trees. Or a group of 
trees of one species may alteimate with a group of trees of 
another species, called a mixture by yroiips ; in the latter case 
the groups must not be of such extent that each acquires the 
character of a pure wood. Mixtures may also bo arranged in 
alternate lines or strips. 

Mixed woods may be ; — 

{a.) Permanent or temporary. 

(6.) Even aged or uneven aged. 

Temporary mixtures are ordinarily called for in the following 
eases : — 

(1.) When the intention is to obtain an early return by the 
removal of one of the species, which should in that case be of 
rapid growth. 

(2.) When a tender species has to bo protected (nursed) 
during early youth agfiinst frost or drought, as beech and 
silver fir, and to a less degree oak. In this case, a hardy and 
fast growing species, such as Scolich pine, larch, or birch, is 
raised, either simultaneously or beforehand, and removed 
when the tender species requires no further protection. Near 
the sea coast, it is generally necessary to grow first very hardy 
trees, so as to establish sufficient shelter ; more valuable trees 
may afterwards be introduced between the nurses. 

(3.) When both the above objects are combined. 

Permanent mixtures are established, because they are con- 
sidered to have advantages over pure woods. 


1. Advantages op Mixed Woods. 

These may be described as follows : — 

(a.) Mixed woods admit of a more confi plete ntjUa fttinn of 
the factors of the locality and consequently they may produce 
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a larger quantity of wood, if the mixture is suitably arranged. 
Each spot can be stocked with the species which is best 
adapted to the factors of the locality ; hence, increased pro- 
duction may follow. 

(&.) Unless very extensive areas are available, only mixed 
woods enable the forester to meet the various demands of the 
market. In the case of pure woods, and if a regular annual 
yield of each of several species is expected, a complete sories 
of age gradations is required for each species, which, in tluj 
case of a limited area, would lead to small annual coupes. 
For instance, if the intention is to grow five species on an 
area of 500 acres under a rotation of 100 years, each cutting 
would extend, in the case of pure woods, over one acre, while 
in the case of a mixed wood, the annual cutting may be live 
acres in one block. 

(c.) It has already been stated that only a few species are fi t to 
be grown in pure woods. At the same time, many of the other 
specie s yield a very suppEjor quality of tinabw, or valuable 
minor produce. All these would more or less disappear under 
the system of pure woods, or at any rate they would not 
thrive so well and would not develop equally lino boles, as 
if grown in mixed woods. Large sized timber of many 
light demanding species can only be produced by mixing 
them with shade bearing, and consequently soil preserving 
species. 

(d.) Many species suffer less from external injurious in- ' 
fluences, such as wind, fire, frost, snow, insects, fungi, if 
raised in mixture with other more hardy species.— A shallow ‘ 
rooted species had best be grown mixed with a deep rooted 
species. Conifers are less exposed to damage by fire or 
snow, if mixed with broad-leaved species.— Insects are loss 
dangerous m mixed woods, as they generally attack only one 
of several species ; moreover birds, the great insect destroyers 
are more numerous where broad-leaved trees grow, than in 
pure coniferous woods.-Damage by fungi to conifers is also 
considerably less if they are mixed with broad-leaved species. 
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’’ — A hardy species mixed with a tender species protects it 
Against frost, drought, and injurious air currents. 

(e.) Mistakes made in the selection of species can be more 
easily rectified in mixed than in pure woods. The suitability 
of a locality &r a certain species is not always apparent at the 
outset ; in the case of mixed woods the species which is least 
suitable can be removed at the time of thinning. 

(/.) For the above reasons, mixed woods will, in many cases, 
yield bettei.returns than pure woods. 

(f/.) Finally, mixed woods increase the artistic beauty of a 
country. 


2. Disadvantages op Mixed Woods. 

It is frequently described as a disadvantage of mixed woods 
that their natural regeneration is more difficult than that of 
pure woods. No doubt, different species require different con- 
ditions, if natural regeneration is to be successful. More 
especially, the cover of the mother or shelter trees must be 
more open where a light demanding species is to be regener- 
ated, than in the case of a shade bearing tender species. The 
shelter, for instance, which suits the beech, would probably 
kill young oak seedlings. Again, certain species, such as 
spruce, produce so much seed, spring up so easily, and would 
take possession of so much ground that other species, like 
silver fir and beech, would have little chance of coming up in 
sufficient numbers. In the Black Forest, silver fir has fre- 
quently to be helped against the beech. These objections 
are undeniable, but they are, after all, -not of such importance 
as might appear at first sight. In the first place, the mother 
trees can be so selected that one species is favoured against 
the others. Secondly; the surplus regeneration of any one 
species can be removed in the first thinnings. Thirdly, the 
species can be arranged in small groups. Fourthly and 
chiefly, the best procedure is, to regenerate naturally with 
special reference to one species, and to introduce the others 
(as far as necessary) artificially. In the Black Forest, for 



RULES FOR THE FORMATION OF MIXED WOODS. 


77 


instance, silver fir is favoured in the regeneration, and spruce 
is, if necessary, afterwards planted in. In this naanner, the 
forester can produce the desired proportion of the several 
species with almost mathematical accuracy. On the whole 
mixed woods offer substantial advantages over pure woods. 
At the same time it must not be foi'gotten that the treatment 
of pure woods is much simpler than that of mixed woods. 
Hence, the former may be preferable whenever really competent 
managers are not available. 

3. KuLES FOR THE FORMATION OF MiXED WoODS. 

The advantages of mixed woods, which have been detailed 
above, will only be realised under certain conditions, the more 
important of which are the following : — 

(a.) the locality must be, a 'priori, suitable for the favour- 
able development of each of the species in the mixture. 

(&.) The mixture must be of such a nature that the factors 
of the locality do not suffer ; they must, whenever possible, 
be improved. This will only be the case, if the principal, 
or more numerous, species is soil improving. As indicated 
above, exceptions occur when woods are treated under a short 
rotation, or when the quality of the locality is such that it 
does not require to be assisted by the improving action of the 
trees growing on it. 

(c.) The mixture must be so arranged that one species docs 
not oust the others, and establish a pure wood. The exces- 
sive development of one species may be detrimental to the 
others, or even kill them outright. In this respect the 
toughest and least sociable species carries the day, these quali- 
fications being dependent on shape, light requirement and 
height growth of the species. 

/SAapa.— Each species must be given that growing spacer 
which is required for its proper development. In this respect 
the seveml species differ considerably. Conifers, for instanco, 
have a different shape from broad-leaved species. Again, some 
species are better able than others to stand an infringement 
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of their proper growing space. Thus, the broad-crowned 
oak is liable to suffer considerably in crowded woods, while 
spruce stands an infringement in space comparatively easily. 

Light Requirement . — The mixture must be so arranged that 
the light demanding species are not likely to be shaded by 
other trees ; in fact, they must have their heads free and ex- 
posed to the light. Some species, such as silver fir and beech, 
like, and even require, some shelter during, early youth. 
Mixtures should be so arranged as to provide such shelter, 
whenever it is required. After the first few years, no species 
actually requires shade, and then species are either shade 
bearing or light demanding. In most cases the former will 
bear the shade of the latter, but the reverse is not the 
ease. 

Height Growth . — All species, which demand space and light 
when mixed with species of an opposite nature, must be of 
quicker height growth than the latter, or be given a start. 
Hence, the relative height growth of the species must be fully 
considered in deciding on the nature of the mixture. In 
many cases it is necessary to produce woods of uneven age, 
in order to prevent the light demanding species from being 
overgrown and suppressed by the other species. 

Assuming then that the locality suits in a general way all 
the species to be mixed, the following rules govern the selec- 
tion and formation of mixtures : — 

First Rule.— The ruling (more numerous) species must be 
soil improving. 

It has been stated above under what conditions exceptions 
from this rule are admissible. 

Second Shade bearing species may be mixed with 

each other, provided their height growth is of the same 
rapidity, or the slower growing species can be effectually 
protected against the faster growing. 

Ihird Rule. Shade bearing species may be mixed with 
light demanding species, if the latter are either faster 
growing, or are given a start. 
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To prevent the shade bearing species being kei)t back in 
its growth, it should be more numerous than the light 
demanding species. 

Fourth Rule . — Two or more light demanding species should 
not be permanently mixed, because the soil deteriorates, and 
the faster growing suppresses the slower growing species. 

Exceptions to this rule are admissible : — 

(a.) On very fertile localities. 

(h.) On very inferior localities, where nothing else will 
grow. 

(c.) If the wood is treated under a short rotation, or as 
coppice, or if it is intended to underplant tho wood 
at an early age with a shade bearing and soil 
improving species. 

Temporary mixtures of two or more light domandiug 
species occur frequently, especially where a slower growing 
species has to be protected against frost or drought; for 
instance, oak with nurses of larch, Scotch june, or 
birch. 

Fifth Rule . — The circumstances of each case must decide 
whether the species should be mixed by single trees, groups, 
lines, or strips. 

Two shade bearing species of equal height growtli, for 
instance, may be mixed by single trees, but if the quality of 
the soil changes from place to place, it may be desirable to 
arrange the mixture by groups, placing each species on tho 
more suitable spots. Again, if a light demanding spocios is 
to be raised with a faster growing species, the mixture should 
be by groups, and not by single trees. In such cases tho 
groups are sometimes given the shape of strips. Oak and 
beech are now so mixed in the Spessart mountains that the 
groups of oak extend over areas ranging from one to ten and 
even more acres, the rest of the area being taken up by 
beech. ^ In this way the suppression of the oak by tho 
beech is prevented ; it is later on underplanted with beech, 
if it does not appear naturally. ^ 
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All mixtures may be brought under one of the following 
three classes ; — 

Mixtures of shade bearing species. 

Mixtures of shade bearing and light demanding species. 

Mixtures of light demanding species. 

4. Mixtures op Shade-bearing Species. 

It is a general rule that the permanent preservation of a 
mixture becomes more difficult in the same degree as the 
species to be mixed differ in respect of light requirement, rate 
of height growth, suitability of locality, and shape of trees. 
Except as regards the latter, the ordinary European shade 
bearing species approach each other in these respects ; hence, 
in their case the mixture is comparatively easy to maintain, 
and they may generally be raised in woods of even age or 
nearly so. 

a. Mixtures in lluih Forest. 

(1.) Silver fir and spruce . — These two species resemble 
each other as regards shape. They differ sojnewhat in their 
demands on the locality, but over extensive areas both find 
suitable conditions for a healthy development. They are 
both shade bearing, but silver fir more so than spruce. The 
most important j)oint is, that spruce grows somewhat more 
quickly during youth and is likely to injure the silver fir, but 
when the latter has once pushed its head to the light, the two 
species hold their own against each other. In order to get 
the silver fir safely over the first 20 or 130 years it must be 
assisted against the spruce, either by giving it a start of 5 — 10 
years, or arranging the mixture according to groups, or 
cutting away the spruce where it threatens the silver fir. 
Where mixed woods of silver fir and spruce have to be re- 
generated, it is usual to leave a larger number of silver fir 
seed trees, and to keep the shelter wood rather dark. In this 
way, a larger proportion of young silver fir is secured ; then 
more light is given to ei}able young spruce to come up, and if 
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this should not happen, the species is brought in bj 
planting. 

The advantages of the mixture are principally the 
following : — 

(a.) Spruce protects silver fir against frost and drought 
during early youth. 

(b.) Silver fir protects spruce against storms in after life. 

(c.) Spruce, when mixed with silver fir, is somewhat less 
exposed to damage by insects and snow. 

(2.) Silver fir and beech . — They differ in shape but make 
very similar demands on the locality. Both are highly shade 
bearing. Beech grows somewhat more quickly in youth but 
more slowly in after life. During the former period silver 
fir, and during the latter, beech must be somewhat assisted, 
or the mixture arranged by groups. Both species thrive 
better in mixture, which is altogether an excellent one. 

(3.) Spruce and beech . — They differ in shape, and make 
somewhat different demands on the locality, especially in 
respect of the degree of moisture and depth, spruce recpiiring 
more moisture, and beech greater depth. Nevertholoss, soil 
which is suited for beech, will also do for spruce, but not 
always the reverse; in the moister parts, spruce should pre- 
dominate, and in the drier parts beech. Both are shade 
bearing, spruce less so. The rate of height growth is a 
more serious matter. During youth, beech grows sometimos 
more quickly, but in other cases the spruce ; later on the spruce 
is the faster grower ; they must be protected accordingly, 
the one against the other. On the whole, beech is more in 
danger of being suppressed than spruce, because under 
ordinary circumstances the latter is more pushing and aggres- 
sive. Spruce is only threatened in localities which are 
specially suited to beech. 

Beech has a most beneficial effect upon spruce in respect 
of danger from wind, snow, insects, and fire. At the same 
time, beech produces finer boles in this mixture, than if grown 
pure. Where beech timber is little in demand, it should not 
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occupy more than about }-tli of the area against fths occupied 
by the spruce. 

(4.) Beech and hornbeam . — This is a mixture of subordinate 
importance. The timber of hornbeam is frequently more in 
demand, but beech yields a larger volume. Hornbeam grows 
somewhat more quickly at first, but on the whole it is left 
behind by beech. In some localities, especially those ex- 
posed to frost, hornbeam forms a suitable substitute for 
beech in mixed woods. 

(5.) Douglas fir may be mixed with beech, silver fir or 
spruce ; it grows faster than either of these. 

h. Mixtures in Coppice WooiLs. 

In coppice woods it is always desirable to mix some horn- 
beam with the beech, because the latter by itself is rarely able 
to maintain a full crop, owing to its inferior reproductive 
power fi’om the stool ; hornbeam is possessed of a great 
reproductive power by stool shoots. 

In coppice with standards also, the underwood should 
consist, at any rate partly, of hornbeam, and not altogether 
of beech. 

5. Mixtuees op Shade bbauing with Light demanding 

Species. 

While the shade bearing species much resemble each other 
in character, considerable differences exist between light 
demanding and shade bearing species in respect of shape, 
height growth, light requirement and duration of life ; hence, 
the maintenance of such mixtures requires great care and 
skill. 

Most of the light demanding species, such as oak, larch, 
Scotch pine, ash, as well as the moderate shade bearing 
Norway maple and sycamore, are raised principally for 
timber, and less for firewood ; they require full enjoyment of 
light throughout life, but they cannot reach timber size and 
maintain the factors of the locality without the assistance of 
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the shade bearing species ; in order to meet the requirements 
of the ease it is generally necessary to g7-ot(} uneven aged 
woods. 

The principal object in all such mixtures is the full develop- 
ment of the timber yielding, light demanding species, while 
the shade bearing species, though more numerous than the 
former, practically take the second place in importance. The 
light demanding species which deserve special mention in this 
place are : — Larch, Scotch pine, oak, ash, sweet chestnut and 
elm; also Norway maple and sycamore, which stand about 
half-way between light demanding and shade bearing species. 

a. Mixtures in High Fiyrest. 

(1.) Larch in mixture with shade hearmg S2wcics. — Larch and, 
spruce.— It the two species are of the same age, the larch goes 
ahead at once and leaves the spruce behind. On soil which 
suits the larch, the tree will not be caught up by the spruce 
before the 40th or 50th year or even later, when they will 
grow up together, provided the spruce has not been killed 
by the larch before that time. On localities which are loss 
suited for larch, the spruce will catch it up much earlier, 
by the 15th or 25th year, pass and suppress it, so that it 
gradually disappears. In such cases the larch must be 
given a start, the result being an uneven aged wood. The 
best method is, to raise larch pure, and to bring in tho 
spruce when grass begins to replace the moss, that is to 
say, at the^ age of 15-80 years. When the spruce has 
established itself, all larches, which are not likely to develop 
into fine trees, should be removed. 

It is well known how much larch suffers from canker when 
grown outside its natural home. Until means have been 
found by which that disease can be prevented, the only way 
to reduce the damage to a minimum is to isolate the larch 
trees, by mixing them with another species, for which spruce 
IS fairly well adapted, though not as well as silver fir and 
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Larch and silver fir . — This is a better mixture than larch 
and spruce, as silver fir stands more shade than spruce ; the 
ultimate height growth is much the same. As silver lir requires 
better soil than spruce, the larch thrives admirably in all 
localities where silver fir grows, provided the mixture is 
judiciously arranged. 

Larch and Douglas fir . — A good mixture, but it is desirable 
to place the species into alternate lines, so as to exercise a 
proper control over each. Of late years, larch has been 
under-planted with various exotic trees, such as Douglas fir, 
Abies (jrandis, Tlniia 2 >lkata, Tswja Albc.rtiana, Picca sitkimsis, 
and others. It is too early to discuss the results. 

Larch and beech . — This is an excellent mixture. Larch 
grows quickly enough to maintain itself in the even aged 
form, but it is still better to start with pure larch and bring 
in the beech, when the former is 15 to SO years old. The 
most suitable localities are those with a fresh deep soil on 
northerly or easterly aspects. 

(2.) Scotch 2 >iiie in mixture with shade hearing s2H'cics . — The 
Scotch pine very much resembles the larch in its bearing 
towards the shade bearing species. The even aged form does 
fairly well in the majority of cases, provided the shade bearing 
species are in youth protected against the Scotch pine. In 
the uneven aged form, spruce, silver fir, or beech need not be 
brought in until the Scotch pine has readied the age of 
20 — 40 years, as it begins to thin out somewhat later than 
the larch. The Scotch pine must not be too numerous, or its 
shade will injure the other species in the uneven aged as well 
as during youth in the even aged form. 

Both Scotch pine and larch afford excellent protection 
against frost and drought to silver fir and beech during 
their tender youth, and also to spruce, though the latter 
requires such protection in a less degree than the former 
two species. 

Scotch pine ayid hornbeam occur sometimes together, especially 
in frost localities, where the hornbeam replaces the beech. 
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Hornbeam is liable to suffer considerably from the shade of the 
Scotch pine, so that it is frequently reduced to an underwood, 
which may be periodically coppiced. 

(3.) Oak in mixture 'with shade hearmg species. — Oak and 
g^^,^/,cg._Natural mixtures of oak and spruce are rare, owing 
to the different character of the two species. Oak is at home 
in low warm situations, spruce in cool high places. Oak 
thrives best on loose, warm, deep soils with a good measure 
of water in fehe subsoil; spruce requires moisture near the 
surface, and it is satisfied with a moderately deep soil. Oak 
requires much light, heat and space ; the demands of spruce 
are more moderate in these resj)ects. Oak is inclined to 
develop large branches ; spruce grows more in height. Never- 
theless, artificial mixtures of the two species are advocated by 
some foresters. Oak grows faster than spruce during early 
years; later on spruce passes the oak, and the latter has no 
chance if mixed by single trees in even aged woods. It is 
necessary to place the oak in groups, and even then it does 
not always develop satisfactorily. The best arrangement is to 
plant oak pure and to bring in the spruce when the oak begins 
to thin out. It has, however, been noticed that the oak 
becomes stag headed when underplanted with spruce, a 
phenomenon which is by some foresters believed to be due to 
the great consumption of water by the spruce ; hence, the 
mixture is only admissible under favourable conditions, or 
when the spruce is cut out at a comparatively early age, before 
it has had time to injure the oak. 

Oak and silver fir . — This is a better mixture than that of 
oak and spruce, as the two species resemble each other more 
in their demands on the locality. Oak requires a start, or 
it will be passed at about middle age and suppressed by silver 
fir. The best plan is to plant oak pure, and to bring in silver 
fir when the former begins to thin out. Even then, the 
mixture has lost many adherents of late years. 

Oak onAbe^ i . — This is a most^SAlikd)^^^ as the two 

species stand sufficiently near each other in respect of locality 
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and shape ; moreover, they are found naturally together. The 
beech has been called the oak’s nurse. The oak finds in the 
mixture all the advantages of a permanent, complete shading 
of the ground, accompanied by a heavy fall of leaves, a thick 
layer of humus, and freshness of the soil ; it thus attains great 
height and a clear bole of considerable length. 

The oak requires to have its head free throughout life. It 
grows more quickly than beech if the climate and soil suit 
it thoroughly in respect of moisture and dei)tb. In such 
localities the mixture may be arranged by single trees. In 
the majority of cases, however, the oak is left behind by the 
beech, and then the former, in single trees, is lost ; hence, the 
mixture must be arranged by groups, or all threatening 
beeches cut back or removed ; or the oak is givoti a start, the 
beech being brought in when the oak commences to thin out, 
that is to say, between the 80th and 50th year, according to 
circumstances. 

Oa/c and hornbeam. — This mixture may bo desirable in 
localities which do not suit the beech, as for instance in frost 
localities, or moist deep sandy soils of the low lands. The 
oak grows quickly enough to hold its own against horn- 
beam. In this mixture the hornbeam is frequently treated 
as coppice. 

(4.) Norway maple and sycamore in mixture with more shade 
beariwj species. — Such mixtures require a fresh, deep and 
fertile soil. During early youth both maple and sycamore 
grow more quickly than spruce, silver fir, and beech, but later 
on they are passed by the shade bearing species. Hence, it 
is necessary to place the maple and sycamore in groups, or to 
give them a start in age; by far the best mixture is that 
with beech. 

(5.) Ash in mixture with shade hearing species. — The best 
mixture is ash and beech ; not so good is that of ash and 
silver fir, and still less that of ash and spruce. 

Ash, like the maples, grows first more quickly than beech, 
but is generally passed • by the latter later on ; hence, it 
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should be placed in groups in the moister parts of the locality. 
Where ash occurs pure, it should be underplanted with beech 
or hornbeam long before its height growth has been completed. 

(6.) Elm in mixture with shade bearing species —Elm does 
best in mixture with beech, or perhaps hornbeam. The 
mixture of elm with spruce and silver fir is less desirable. 
E lm re quires a locality with snfficient warmth, or else it will 
not develop into a large-sized tree ; it also recpiires a deep 
fertile soil. Elm grows at first more quickly than beech, but 
afterwards it is liable to be passed ; hence it must be placed 
in groups, or given a start. The groups of elm should 
subsequently be underplanted with beech. 

(7.) Birch in mixture with shade hearing species . — Bnch 
mixtures occur naturally. The light seed of the birch settles 
on all blanks, large or small, and too often interferes with 
the shade-bearing species. 

Birch and beech . — The birch should only form a moderate 
admixture by single trees ; if it is more numerous, a part 
should be cut back. Birch becomes ripe for the axe long 
before the beech. 

Birch and silver fir . — After some time the silver fir outgrows 
the birch, which is then likely to be suppressed. 

Birch and spruce . — The birch injures the spruce by a whip- 
like action of its branches, but spruce soon passes and 
suppresses birch. 

(8.) LimSf aspen, and willow in mixture with shade bearing 
species. Like birch, these species appear naturally amongst 
shade bearers, more especially in beech woods, where they 
often do damage owing to their rapid growth in early youth. 
If it is desired to produce large specimens of these species, 
they must be reduced to moderate numbers. In after life,' 
beech passes and suppresses them, if allowed to do so. 

b. Mixture in Coppice with Standards. 

The greater part of the mixture consists of broad-leaved 
species, but conifers (larch, Scotch pine, etc.) are not excluded 



H8 


OHAEACTBE AND COMPOSITION OF WOODS. 


as standards, so that an opportunity is given for the production 
of any or all species. 

It must be a leading principle to let the light demanding 
species prevail in the standards or overwood, and the shade 
bearing species in the coppice or underwood. At the same 
time, some individuals of the latter species may be represented 
in the overwood, for the purpose of producing seed to meet the 
requirements of natural regeneration. 

The overwood should consist of healthy trees which, if 
possible, have been raised from seed. Only in exceptional 
cases should vigorous coppice shoots bo allowed to grow into 
standards. 

In some cases all ages are mixed by single trees, in others 
the several age gradations are arranged in small groups. As 
the coppice shoots at once grow rapidly, seedlings have no 
chance of making their way up, unless they are strong, and 
are protected against the coppice shoots. 

As each standard must be cut when it has reached the 
highest degree of usefulness, it follows that larch, Bcotch pine, 
birch, and also ash will fall under the axe before the oak, elm, 
maple, or sycamore have reached a useful size ; hence, the 
former do not appear in the oldest ago classes. 

c. Mixture in Copince. 

The principal species are beech, hornbeam, elm, ash, maple, 
sycamore, lime, oak, sweet chestnut, birch, haxel, willow, 
aspen, alder, etc. 

Beech is more slowly growing than the light demanding 
species, and requires some protection against them except on 
very fresh and fertile soils. Ash, Norway maple, sycamore, 
and oak are liable to suffer from too large a proportion of 
birch, hazel, and willow. 

6. Mixtures of Light demanding Species. 

As indicated above, such mixtures are Justified only in 
exceptional cases. Generally, they are objectionable as long 
as the admixture of a shade bearing species is practicable. 
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All mixtures of light demanding species thin out sooner or 
later according to the degree of light requirement and the 
tendency towards branch formation of the species, as well as 
according to the quality of the locality. When once that 
period has arrived, the factors of the locality must sufter. 
Exceptions are woods growing under favourable conditions, 
temporary mixtures and shelter-woods. 

Generally, only the even aged form is admissible, and oven 
then such mixtures require constant attention, so as to 
prevent one species being suppressed by the other. 

a. Mixture in Hicjli Fore fit, 

(1.) Oak, ivith ash, elm, or sweet chestnut, — These mixtures 
require a fertile, deep, moist soil and a favourable climate. 
Oak is slower growing during early youth, and in many cases 
also later on ; hence it is liable to be suppressed. At any 
rate it rarely finds sufficient space for favourable development, 
being closely pressed by the other light demanding species. 
It does better if placed in groups. 

(2.) Oak with alder and birch. — This mixture occurs on wet 
soil, where the oak occupies the drier parts of the locality. If 
mixed by single trees, the oak is speedily suppressed. 

(3.) Oak with Scotch pine or larch, — Such mixtures are 
made because oak helps to protect the Scotch pine against 
damage by insects, snow, etc., and larch against canker, while 
Scotch pine and larch protect the oak during youth against 
frost and drought. If for the latter purpose, the mixture is 
frequently of a temporary nature, or only a few Scotch pines 
or larches are allowed to remain when the oak does no longer 
require shelter. 

(4.) Scotch pine with birch, — This mixture occurs naturally, 
and yet it cannot be recommended, because such woods are 
always very thin and the soil deteriorates. They are generally 
the result of unfavourable conditions, in localities where no 
other species can compete with Scotch pine and birch. 

Up to 15 or 20 years, birch grows quicker ; the Scotch pine, 
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if it survives that period, comes up and passes it ; the birch 
then requires help, if it is to he preserved. Birch falls under 
the axe at a comparatively early age, and an open wood of 
Scotch pine remains. Only on good fresh soil does birch 
last until the Scotch pine has reached a marketable size. 

At the same time, birch may be a desirable admixture, 
where the object is to protect the Scotch pine against insects, 
snow, fire, etc., and where a more suitable mixture is 
impracticable. 

(5.) Scotch 2hnc vith larch. — This mixture leads to unsatis- 
factory results whenever the locality is not thoroughly suited 
to larch. During youth, up to 15 or 20 years, larch grows 
quicker and may injure the Scotch pine. If the latter makes 
its way up and begins to press round the larch, the latter may 
require help. 

Nevertheless, this mixture occurs over extensive areas in 
the United Kingdom, more especially in Scotland, not because 
it is the best that can he devised, but because Scotch pine 
thrives well and yields higher returns than most of the shade 
bearing species which could bo substituted for it. 

Other mixtures, in which the Scotch pine is the principal 
species, are : — 

Scotch pine with Corsican pine ; a good mixture. 

» » » Weymouth pino ; a good mixture. 

» ,) „ Austrian pino; the latter disappears as 

it is slower growing, unless it is 
helped. 

„ „ „ sweet chestnut ; the latter often becomes 

a soil protection wood. 

In England sweet chestnut is sometimes mixed with larch. 

(6.) Alder with birch and — This mixture occurs in 

wet localities, where nothing else will grow. 

b. Coppice, and C'oppicc with Standards. 

Woods of co^ipiee with standards consisting of light 
demanding species only are comparatively rare, as the 
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standards must either be very few in number, or the 
underwood suffers. Under any circumstances, such mixtures 
require a fertile moist soil. Mixtures of this kind are, for 
instance — 

Ash and alder, or 

Oak, sweet chestnut, ash, elm, and others ; also 
hazel. 

Where ash and alder appear in mixture, the former 
should, generally, be the overwood, and the latter the 
underwood; it occurs in wet localities. In the even aged 
mixture, ash is liable to be killed out. In fertile low lands, 
oak and ash appear as overwood and underwood, mixed with 
various other species, as elm, chestnut, etc. Short stems of 
the standards are often the characteristics of such mixtures. 
Their number must be small, or the underwood suffers. 

Coppice woods coming under this heading are mixtures of 
oak, ash, birch, lime, aspen, sallow, hazel, and more especially 
oak with sweet chestnut. In such mixtures Scotch pine and 
larch often find a temporary place as small standards. 

Another mixture is that of sweet chestnut and Itobinia, 
generally by groups, or else the Eobinia is likely to suffer. 
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CHAPTER IV. 

THE SILVICULTURAL SYSTEMS OR METHODS OP 
TREATMENT. 

By a silvicultural system is understood the systematically 
arranged method according to which the formation, regenera- 
tion, tending, and utilisation of the woods, which compose a 
forest, are effected. 

The character of each system d(?ponds in the first place on 
the method of formation or regeneration, and consequently all 
systems must come under one of the following throe heads : — 

(1 .) High or seedling forest. 

(2.) Coppice forest. 

(3.) A combination of seedling and coppice forest. 

Owing to the varying character in the factors of the 
locality, the composition of woods, and tl)(i many different 
purposes for which they are grown, tins above three main 
systems have been split up into a munbor of variations. In 
the ease of high forest, the principal distinction is, whether 
the new wood is created on a clear cutting, or under the 
shelter of an existing wood. In the latter ease, the regenera- 
tion may be effected at the same time in a uniform manner 
over a considerable area (compartment), or over certain 
groups, or by the removal of single trees hero and there. 
Coppice woods may consist of stool shoots or of pollards. 
Again, a number of auxiliary systems have been evolved out 
of the principal systems by means of certain modifications or 
additions. 

It is not intended to describe here all* existing modifiea- 

• Mayr enumerates seventy-three differeut forms. 



OLEAE CUTTING IN HIGH FOBEST. 


9;i 

tions, but the more important systems may be classified 
as follows : — 

I. Principal Systems: — 

A. High or Seedling forest — 

1. Clear cutting and subsequent regeneration . 1 

2. Eegeneration under a shelter-wood : 

a. By treating one or several compartments in 

an uniform manner J . . .2 

j; h. „ groups ■ . . . . . . . n 

e. „ singletrees^ . . . .4 

B. Coppice forest , ....... T) 

C. Combination of seedling and coppice forest . . (i 

II. Auxiliary systems — 

1. High forest with standards .... 7 

2. Two-storied high forest 8 

3. High forest with soil protection wood . . <) 

4. Forestry combined with the growth of liold 

crops 10 

5. Forestry combined with pasture . . .11 

6. Forestry combined with the breeding of deor 

and other game 12 

SECTION I.-DESORIPTION OF SYSTEMS. 

In considering the various systems the following points 
deserve special attention : — 

(1.) Origin and character of wood. 

(2.) External dangers peculiar to the system. 

(3.) Quantity and quality of produce. 

(4.) Effect of the system upon the factors of the locality. 

The remarks on each of the twelve systems will be arranged 
under these four heads. 

1. System oe Cleae Cutting in High ForkhtJ 

1 ' ». 

a. Origm and Character, 

The wood is originated on an area, which is clear of trees, 
by direct sowing, or planting, or occasionally by seed coming 
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from adjoining woods. The young trees are all of the same 
age and height (or nearly so) ; as soon as the branches begin 
to interlace, the trees form an unin terruj) ted leaf canopy 
overhead, which, with advancing years, becomes more and 
more elevated above the ground, leaving a space below, in 
which the branchless trunks or boles of the trees tend 
upwards. 

In a wood of this class the sunlight reaches only the upper 
parts of the crowns, the result being that height growth and 
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Arranged in five Cutting SericH. 

Fig. 5. — A normal Series of Age Gradations, trcate(i under (.lie Clear Cutting 

System. 


the formation of clear boles are specially favoured. The 
density of the cover, and with it the diameter growth, depend 
on the character of the species, the quality of the locality, and 
the degree of thinning. At the end of the rotation the wood is 
cleared off the area, and the process of formation recommenced. 

External DawjerB. 

The principal dangers are those of frost, drought, insects 
and storms. In early youth, a wood formed on a cleared area 
is exposed to all meteoric influences. In winter, and especially 
in spring and autumn, frost threatens the young plants, if 
they are at all sensitive to it, and in summer the uninterrupted 
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.xposure to the sun may dry up the soil and plants ; they may 
iso be seriously injured by a strong growth of weeds. More- 
iver, air currents strike over the area without obstruction. 
ai these agencies interfere with a uniform degree of mois- 
ure. There can be no doubt that many diseases, which 
perhaps appear only later on, can be traced as having originated 
luring this period of early exposure. At that time, the greater 
iryness of the soil attracts insects, which concentrate their 
breeding places on the area. 

Whether woods produced under this system are more sub- 
ject to damage by storms than woods produced under shelter- 
woods is doubtful, varying views being held on the subject. 
On the one hand, trees of even age standing in crowded woods 
protect each other, but on the other hand, individually they 
do not stand as firm as trees grown up in a more free position, 
or in woods of uneven age. As regards damage by snow and 
ice, the system gives less favourable results, than one produc- 
ing uneven aged woods. 

c. Production of Wood. 

As regards production, the system compares favourably with 
other high forest systems, especially if the woods are created 
by planting. The quality of the timber is also of a very high 
class, if the thinnings have been judiciously carried out. More 
especially, long clean non-tapering boles are produced under 
this system, to which a good diameter can be added by thinning 
strongly during the second half of the rotation. 

d. Effect upon the Factors of the Locality. 

This effect differs much during the several periods of the 
life of the wood. During early youth, before a complete leaf 
canopy has been established, the soil is exposed to the effects 
of sun and air currents, both of which act highly injuriously 
on the soil. Subsequently, when a good cover has been estab- 
lished, the very opposite effect is produced in a high degree. 
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Later on in life again, when the crowns, with advancing age, 
have been elevated far above the ground, the sun is still kept 
out, but there is no impediment to air currents striking 
through the wood, so that moisture is carried away, and the 
activity of the locality frequently considerably reduced by the 
time regeneration is commenced. 

It follows that the system has decided disadvantages where 
the supply of moisture is limited. At any rate, production 
is subject to considerable fluctuations. In tlie case of shade 
'bearing species with dense crowns, provided they are hardy, 
the system yields evidently much better results than in the 
ease of light demanding species with thin crowns. The length 
of the rotation also aflfects the results. 

The extent, to which the disadvantages of the system make 
themselves felt, depends on tlie size of the clear-cutting. It is 
greatest where a large area in one piece is clear cut at the same 
time. Hence, the cutting areas should be iis much as possible 
reduced, and a fresh cutting adjoining the former one should 
not be made, until the young crop on the latter is fairly safe 
against injurious influences. The cuttings frequently take 
the shape of narrow strips, the breadth being e({ual to once or 
twice the height of the old wood ; they may, however, be of 
considerable length, provided they are situated on that side of 
the wood which is to the leeward of the prevailing wind 
direction. 

I” 2. The Shelter- woon CojmAji'nrBNT or Uniform: System. 
a. Ori-f/in mtl (Ihamder. 

The wood is formed, or regenerated, under the shelter of 
the whole or part of the old crop, which forms a shelter-wood, 
and which is retained for some years, until the young genera- 
tion has established itself and is safe against injurious external 
influences peculiar to early youth. The regeneration is 
effected, according to circumstances, by the seed falling from 
the shelter trees, which in that case become mother trees, or 
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by sowing or planting. In the former case, the regeneration 
is said to be natural^ in the latter artificial. In the case of 
natural regeneration, though the area is treated in an uniform 
manner, one seed year is rarely sufficient ; as a rule two or 
three such seed years are required, and often artificial cultiva- 
tion has to assist, in order to produce a full new crop ; hence, 
the latter shows in the majority of cases differences of age 
ranging up to perhaps 15 years. Nevertheless, such differences 
will no longer be discernible, when the wood approaches t|^Q 



Age 10 20 80 40 50 60 70 80 00 100 

Fig. 6. — A normal Series of Age Classes, treated under the Uniform System. 


end of the period of principal height growth, and, for all 
practical purposes, such woods are considered as even aged. 

h. External Dangers. 

Owing to the presence of the shelter-wood, the danger from 
frost, drought and weeds during youth is very considerably 
reduced, if not altogether obviated ; during the rest of life, no 
difference exists in this respect between this system and the 
system of clear cutting. There is no doubt that such woods 
are less attacked by insects than those raised on clear cuttings. 
The chief difference as regards storms is that the shelter or 
mother trees are liable to be thrown. 

c. Production of Wood. 

The quantity of total production is probably the same as in 
clear cutting. As regards quality, it should be noticed that the 
mother trees are in a position to attain a specially large size 
(diameter), owing to their comparatively free position during 
the last period of life. At the same time, much damage is 
frequently done to the young crop during their removal. 
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cl. Effect upon the Factors of the Locality. 

The unfavourable effect of sun and air currents during the 
early youth of the wood disappears under this system, as the 
shelter- wood protects the soil until the new crop can relieve it 
of this duty. In after-life no difference exists between this 
system and that of clear cutting. 

A modification of this system is the “ Shelter-wood Strip 
System.” Under this system each compai’tment is divided 
into a number of narrow strii)s, which are successively taken 
in hand. Eegeneration commences, as in the case of clear 
cutting, on the lee side of the wood, and gradually proceeds, 
at suitable intervals, in the direction whence the prevailing 
wind blows. By reducing the area taken in hand at one time, 
the disadvantages of the system are so consideral)ly minimised, 
that it has gained more and more ground of late years. The 
wood, as a whole, becomes uneven aged, the gradations being 
arranged in strips, thus leading to the formation of cutting 
series, a subject which is dealt with in Volume III. of this 
Hamual. 


3. The Shbltee-wood Guom> System. 

This is another modification of the shelter-wood compart- 
ment system. 

a. Oriyin and Character. 

The wood is formed, or regenerated, under the shelter of the 
old crop, but instead of treating a whol(» (or several) compart- 
ment in an uniform manner at one time, with a view to its 
simultaneous regeneration, only certain groups of trees, 
scattered here and there over it, are dealt with in the first 
place ; when these have been regenerated, others are treated 
in the same way, and so on, until the whole compartment 
has been regenerated. Frequently the later groups take the 
shape of belts running around the groups first taken in 
hand, so that the groups finally merge into each other. The 
regeneration period extends over not less than thirty, and 
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often forty or fifty years, during which the old wood is gradu- 
ally led over into the new wood. At the end of the regeneration 
period, the new wood consists of a series of groups, of greater 
or smaller extent, ranging in age from one to thirty, forty, or 
fifty years, according to circumstances, and it presents a 
picture of unevenness which is preserved throughout life. The 
wood grows on until the next regeneration comes round, when 
operations are commenced in the oldest groups and gradually 
extended to the youngest, similar to the procedure followed in 
the first instance. 



Fig. 7.— The Group System of Natural Regeneration. 


During regeneration all seed years are taken advantage of, 
and artificial help, where necessary or desirable, is also 
given. 

The group system is frequently combined with the strip 
system, mentioned above. 


b. External Dangers. 

Owing to the uneven age of the several groups, the young 
growth receives both top and side shelter ; hence, it is more 
fully protected against frost and drought than under the 
shelter- wood compartment system. It is also claimed for tho 
system that the trees withstand storms and damage by snow 

ir 2 
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or ice better, except during regeneration, when the shelter 
trees are liable to be thrown by wind. 

c. ProdiKtion of Wood. 

Whether the total production is greater or smaller than 
under either of the previously mentioned two systems, can 
only be proved by actual statistics in the course of time ; the 
system affords the means of producing valuable large timber, 
as, towards the end of the rotation, the finest trees can be 
placed comparatively free for a considerable number of years. 

d. Efjcct. upon the. Faetors of the Loealitij. 

This is doubtless mors favourable than under the shelter- 
wood compartment system, as the soil is more carefully 
sheltered, accompanied by a more complete preservation of 
an even state of moisture. 

4. The SnEMER-Woon Selection System. 
a. Origin and Character. 

The forest is created, under the shelter of the old crop, by 
the removal of single trees or small groups selected here and 
there over the whole area, and this process goes on through- 
out the whole length of the rotation, so that practically no 
part of the whole forest is ever at rest. All age classes, from 
one year old to the oldest, are constantly represented, by 
single trees or small groups, over the whole area, and, theo- 
retically, the work of selecting trees for cutting extends at all 
times over the whole extent of the forest. In practice, how- 
ever, the forest is divided into a number of blocks, which are 
gone over in turn, so that cutting returns to the same part 
only after the lapse of several years. 

h. External Itangers. 

Views differ somewhat regarding the extent to which selec- 
tion forests are exposed to external dangers, as compared with 
the two previously mentioned shelter- wood systems. In the 
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author’s opinion, the system is the most favourable of the 
three, because only very small plots are, at one time, exposec 
to sun and air currents. Damage by frost is less, and pro- 
bably the same holds good as regards wind and snow. 

c. Production of Wood, 

Here again, actual comparative observations are not avail- 
able. It has by no means been proved that less wood per 
acre and per annum is produced under this than under either 
of the two previous systems. Young growth, no doubt, 



develops slowly, as it is much interfered with by the adjoin- 
ing older trees, but this may be compensated for by a more 
active development, when the trees have secured the full 
enjoyment of light, especially during the more advanced 
period of life. There can, however, be no doubt that less 
clean and shorter boles are produced under the selection than 
under the uniform system, though the former is specially 
suited for the production of large sized timber, as each tree 
can be left in the forest until it has reached the desired 
dimensions. 

d. Effect upon the Factors of the Locality, 

The system secures an almost absolutely equal degree of 
protection of the soil throughout the rotation, more especially 
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as regards the preservation of an oven degree of moisture 
which must act beneficially u2)on production. Protection is 
given not only from above, hut the uniform mixture of old 
and young trees also secures lateral shelter. 

On sloping ground, rain water is more effectively retained 
under this than under any other system; avalanches also 
the carrying away of fine earth, landslips, etc., are prevented 
or at any rate moderated ; hence, protection forests situated in 
mountains are usually worked under this system. 


5. Tub Ooppick Hyhtesi. 
a. Origin and Character. 

Most broad-leaved species have the faculty of reproducin<r 
themselves by shoots, which spring either from the roots” 
stool, or stem. After severing the whole, or part, of the 
stem above ground, the roots or stool develop shoots, which 
grow up into poles, and, under favourable conditions, into 
trees, thus producing a new generation. This process of 
regeneration can, as a rule, be repeated as long as the stool 
and roots continue to live. 

When the trees are cut over close to the ground, mnj)le or 
ordinary coppice k produced, the shoots starting from a point 
which is close to, or in, the ground. Generally, a number of 
shoots spring from the same stool, and those stand in clumps, 
and can easily be distinguished from seedling trees. On well 
stocked areas, a complete cover is established earlier under 
this system than in seedling forests, as the shoots develop 
very rapidly during the first few years. Wlien the cover has 
been established, the wood presents the appearance of an 
ordinary thicket in high forest. 

If the trees are cut over at some height, say several feet, 
from the ground, the shoots appear at the upper end of the 
stem, which may be said to form a new crown. In that case, 
the method becomes the topping system. If the main stems 
remain intact, or nearly so, and only the side branches are 
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cut over, the method is called the pollarding system. No 
distinct line can, however, be drawn between these two systems, 
and in many cases tbpping and pollarding must be consideied 
as synonymous terms. In either case, the trees may be out 
over repeatedly, just as in ordinary coppice. 


b. External Dangers. 

(Coppice suffers more than seedling forest from late and 
early frosts, because the shoots grow up (^[uickly, are full of sap, 
and consequently require a longer growing period in order to 
ripen before the autumn frosts set in. On the other hand, damage 
by frost is more easily repaired in the case of coppice, as now 
shoots will replace those injured during the first year. Cop- 
pice suffers much more from damage by game, especially 
deer and rabbits. Mice also are injurious. In respect of 
other sources of damage, coppice is less affected than high 
forest. 

c. Production of Wood. 

Coppice yields chiefly firewood and small timber, such as 
pit timber, hop poles, vine props, rafters, withies for basket 
work, etc. Oak coppice woods are cultivated for the sake of 
the bark, which is used for tanning. The number of cubic 
feet of wood produced per acre and year is generally smaller 
than in the ease of high forest. 

d. Effect upon the Factors of the Locality. 

Owing to the rapid growth of the shoots and the quick 
establishment of a complete cover, coppice woods protect 
the soil well after the first few years, but the latter is laid 
bare at much shorter intervals than in the ease of high forest. 
The higher the rotation, the more nearly does coppice wood 
approach the character of high forest ; as a rule, however, the 
rotation is short, and the wood does not reach that ago at 
which air currents obtain free access underneath the crowns. 
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6. The Coppice with Standards System (Stored Coppice). 
a. Ori{fm and Character. 

The system of coppice with standards is a combination of 
the following two systems : — 

(1.) Simple coppice of even age. 

(2.) Standards of uneven age treated under the high forest 
selection system. 

The coppice forms the underwood, and the standai'ds the 
overwood, the two being treated under different rotations. 
Generally, cuttings are made in both underwood and over- 
wood at the same time ; that is to say, when the underwood 
has arrived at the end of its rotation, it is cut over, and at the 
same time those standards are removed which have reached 
the end of the rotation fixed for the overwood, or which it is 
desirable to remove for other reasons. New standards are 
then introduced, which, as a rule, should ho seedlings and 
not coppice shoots. It follows that, theoretically, the several 
gradations of the overwood show a difTenmco in age equal to 
one rotation of the underwood, and the age of the oldest 
standards at the time of cutting is a multiple of the number 
of years contained in the rotation fixed for the underwood. 

Example. 

Eotation of underwood . . . . = 20 years. 

Kotation of overwood . . . . = 100 ,, 

Number of age gradations in overwood . = =t: 5 

At all times the youngest age gradation forms part of the 
underwood, until the latter is cut over. 

Every standard removed at the end of the rotation must 
be replaced by younger trees. If all seedlings reached the 
end of the rotation, only one need be planted for every full- 
sized standard which has been removed, but as numerous 
trees have, owing to various causes, to be taken out before 
the end of the rotation, it is necessary to plant several seed- 
lings for every matured standard removed, so that, as a matter 
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of fact, the numbers of the standards in the several age 
gradations always form a falling series. The actual propor- 
tion of trees in each age gradation depends on circumstances. 
In the above-mentioned example the proportion would be 
somewhat as follows : — 


Number of age gradation . . I. IL III. IV. V. 

Proportion of standards . . 20 12 S 2 1, 

In other words, for every desired standard 100 years old or 
more, it is necessary to have 20 standai’ds 20 years old, which 
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Fig. 9.— Coppice with Standards. 

notation of underwood — 20 j ears. 
Rotation of standards = 100 years. 


will be reduced to 1 2 at 40 years, to 3 at 60 years, to 2 at 
80 years, and to 1 at 100 years old. Though 38 standards 
are present on a certain area, only one reaches the end of 
the rotation, the others being cut from time to time, always 
leaving the best to reach the end of the rotation. 

The actual number of standards per unit of area is governed 
by considerations for the underwood. If the standards are 
very numerous and give too much shade, the underwood will 
no longer thrive. In practice, a great variety of modifications 
have been introduced, according to whether the overwood or 
underwood is more favoured. 

The normal form is that in which over- and underwood 
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receive equal attention. Here, tlie effect of the shade thrown 
by the over wood must always be carefully considered; 
generally, the shade should be evenly distributed over the 
area. It is always desirable that the bulk of the overwood 
should consist of species with thin crowns ; in other words, of 
light demanding species. 

Where the orcrwood in faroiired the system approaches that 
of high forest. Hei-e, the olqect is to produce as much timber 
as possible, and the shade of the standards would be so heavy, 
if evenly distributed, that the undcirwood could no longer 
thrive ; hence, it is desirable to place the over- and underwood' 
into alternate groups. This will enable the underwood to 
thrive on the areas allotted to it, while the standards will 
produce straighter and cleaner holes than under the normal 
form. 

If the lurderipood is farou.red the systcun approaches that of 
simple coppice. The standards are hero so far apart that 
they will not, as a rule, produce long timber, unless they are 
brought together into groups here and there. 

h. Kxterml Dangers. 

These are small when conii)ared with those peculiar to most 
other systems. To begin with, the overwood is, at any rate 
in the normal form, capable of protecting the underwood 
against frost and drought. Under any circumstances, such 
damage does not occur regularly and does not endanger the 
existence of the wood. 

Storms do remarkably little damage in such woods. The 
younger classes of standards are protected by the older 
classes, and by the time they replace the latter, they 
have developed strong root systems, so that they can hold 
their own. 

Insects are probably not more destructive than in the shelter- 
wood selection system, and less than in other systems, which 
is due to the variety of stocking, absence of cleared spaces or 
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loosened soil, and to the greater number of insect-eating birds 
which are found in such woods. 

Game and mice, however, often do much damage. 

c. Production of Wood. 

It is smaller than under the high forest systems, but the 
difference is probably not very great. On the other hand, the 
system is specially adapted to the production of timber of all 
kinds and sizes. It affords opportunity for the individual 
development of the trees without endangering the factors of 
the locality to any great extent. In one point, however, it is 
inferior to high forest, inasmuch as the shape of the trees is 
not so good ; they ^re shorter and less clear of branches in tho 
lower part of the stem, unless the standards are placed into 
groups. 

d. Effect upon the Factors of the Locality. 

If treated properly, coppice with standards acts benelicially 
upon the factors of the locality ; the laying bare of the soil at 
the end of every rotation of the underwood is only very partial 
and of short duration. 

7. High Forest with Btandaeds. 
a. Origin and Character. 

During the regeneration of a high forest, single trees or 
groups of trees are left standing, with the intention that they 
shall continue to increase in size for a further series of years. 
After the completion of the regeneration, such woods consist 
of a new crop and a number of standards scattered over it, 
either in single trees or in groups. The period during which 
the standards are retained differs from a few years to a whole 
or even two or more rotations. 

h. External Dangers. 

These are the same as those of the original system, with 
this addition, that the standards are liable to be thrown by 
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wind; hence, only wind firm species aliould be selected for 
standards, and the system sbonld not be adoi^ted at all in 
localities which are specially exi>osetl to storiuH. 

c. Production of iVood. 

Under this system timber of very large dimensions is pro- 
duced, such as cannot be grown under any ordinary high 
forest system, except under specdally high rotations. If tlie 
standai’ds are kept for leas than a full rotation, much damage 
may be done to the young crop by their removal. 

d. Efect upon the Farforx of the LocalUi/. 

Directly, the effect is the sanio as that of the principal 
system. Indirectly, the system acts lameiicially, as it obviates 
the adoption of very high rotations, where limited (juantities of 
specially large timber are wanted. 

8. Two-htortko IIioh Fohkst. 
a. Orifiin and (lharacter. 

In the life of most woods, especially if they consist of light 
demanding species, a time arrives wlum the cov(!r becomes 
interrupted, so that they can no longer preserve the factors 
of the locality. In the case of spcjcjos where this time arrives 
at a comparatively early age, the second crop (;an be introduced, 
pnerally by sowing or planting, and allowed to grow up 
into high forest with and betwijen the older crop, so that 
practically two distinct even aged woods exist on the same 
area, both high forest, the difference in iig<i ranging from 
15 60 years, according to species and circumstances; hence, 
the name of two-storied high forest. The two crops are 
cut over at the same time, when tint whole process is 
re-commenced. 

It IS usual to thin the older crop lusavily, either before or 
a er the introduction of the second crop, by removing all 
diseased and badly shaped trees, leaving those which promise 
to develop into fine sound timhor trees. 
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The older crop should, in all cases, consist of light demanding 
and the younger crop of shade bearing species, or else the 
latter is not likely to thrive. 

h. External Dangers- 

The older crop may be subject to damage by storms, but 
generally only for a short period. Damage by frost or drought 
in the case of the younger wood is generally excluded. 

c. Production of Wood- 

The system is well adapted for the production of large 
timber. During the first part of life, the trees comprising the 
upper storey grow up close together, developing height growth 
and clean boles ; in after life, they are placed comparatively 
free and can rapidly increase in diameter. 

The system yields also an early and substantial return in 
the way of heavy thinnings of the older wood. 

d. Effect on the Factors of the Locality- 

The system preserves the factors of the locality better than 
ordinary high forest, and deserves to be extensively followed 
in cases where it is desired to produce large timber of light 
demanding species, such as oak, ash, larch and Scotch pine. 

9. High Forest with Soil-protection Wood. 

When the leaf canopy in a high forest begins to become 
interrupted, an underwood is introduced for the protection of 
the soil. Such an underwood must be dense and not too old ; 
hence, it must either be replanted from time to time, or, still 
better, coppiced periodically ; it should consist of species 
which can stand the shade of the overwood, the latter 
consisting of thin crowned trees. 

The effect on the factors of the locality is highly beneficial. 

10. Forestry combined with the Growing of Field Oroph. 

The system of combining forestry with the cultivation of field 
crops is very old. Originally, it consisted in cutting down a 
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piece of forest, burning the wood, and using the land during 
one or more years for the production of field crops, and then 
allowing the forest to re-establish itself. In the course of 
time, the value of forest produce increased, and some order 
was brought into the system in European countries ; the 
timber, instead of being burnt, was utilised, only the twigs 
and other inferior pieces being burnt. The following are the 
two principal forms now iiractised in Europe : — 

a. Coirpica combined irilh the Cultivation of Field Crops. 

After each cutting over of the coppice wood the twigs and 
other valueless pieces of wood, together with turf, are burned. 
This process is effected either by distributing the brushwood 
evenly over the area, and lotting the fire run over it, or by 
mixing it with turf, piling it up in heaps, and burning after 
the material has become sufficiently dry. In either case, the 
ashes are scattered, the soil is worked, and then used for one 
or two seasons for the production of field crops, which grow 
between the new coppice shoots. 

It is said that, with proper care, the yield of forests so 
treated is not smaller than that of ordinary coppice woods. 
The returns from the field crops rarely do more than cover 
the outlay on account of labour, seed corn, etc. ; hence, the 
system is now restricted to hilly parts, where a sufficient area 
of permanent fields is not available, and where additional 
occupation for the existing population is wanted, the forest 
lands not being of sufficiently good quality to make their 
conversion into permanent fields desirable. 

The species of tree which is most commonly cultivated in 
this manner is the oak, and next to it the birch and hornbeana, 
while Scotch pine is frequently brought in after the cultivation 
of cereals has ceased, to help in covering the ground and 
increasing the revenue. 

The cereals usually grown are ; — 

Buckwheat — Polygonum Fagopyrim and tartaricum, L., and 
rye — Secale cereale hibernum. 
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The buckwheat is sown immediately after the clearing and 
burning, say in June, and harvested 6 or 7 weeks afterwards. 
The rye is sown in autumn and reaped in the following 
summer, when the cultivation of field crops ceases. In some 
cases, the buckwheat and rye are sown together, the foxiner 
being harvested in late summer of the first year, and the 
latter in the summer of the second year. 

h. High Forest combined with the Cultivation of Field Crops. 

After each cutting over of a high forest the soil is used for 
one or more years for the growth of field crops. The young 
forest crop is established, either at once, or after the growth of 
cereals has ceased, by sowing or planting in lines, or by 
sowing broadcast with the last crop of cereals. In some cases, 
the soil is burned over after the clearing of the forest crop, as 
described in the case of coppice. 

In addition to buckwheat and rye, frequently oats, potatoes, 

' etc., are grown. 

c. Effect of the System on the Factors of the Loeality. 

The two variations of the system are subject to the ordinary 
disadvantages of the clear cutting system, and in addition the 
cultivation of field crops may exhaust the soil. Hence, they 
are only permissible where they are an absolute necessity, or 
on soil which can bear the strain of clear cutting and of the 
growing of field crops without becoming exhausted. Where a 
crop of spruce or Scotch pine is to be immediately followed by 
a new crop of the same species, the burning followed by the 
cultivation of a field crop can be recommended, wherever 
danger from insects is to be feared, the latter being destroyed 
or driven away by the burning. 

The system is still extensively practised in India under a 
variety of names, as j booming, dhya, kumri, taungya cultiva- 
tion, etc. There, the whole of the old crop of wood is generally 
burned, so as to obtain as large a quantity of ashes as possible. 
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During the last 40 years, the practice lias been taken advan- 
tage of in Burma to produce young teak woods. The clearings 
are made in comparatively usole.ss forest, the cultivators 
undertaking to sow or plant teak between their field crops, for 
which they are paid at an agreed rate at the end of the first, 
second, or third year. 

11. FoRKS't’iiY oomhinei) with Pasturk. 

Pasture lands are widely planted with forest trees, which 
yield a certain return, and also improve the value of the 
pasture by keeping out cold or dry winds and by affording 
shelter to the cattle. Broad-leaved species may also be lopped 
for cattle fodder. 

The trees are established by planting strong seedling plants, 
which must bo effectively protected against the cattle, until the 
crowns have grown boyond their roach. The trees may be 
placed in lines or groups. 

12. Forestry comiuneo with tub Beariku op Game, 

A forest, which is foncod and stocked with doer or other 
game, is callcKl a preserve, oi* deer forest. The game, as a 
rule, interferes much witli tho production of trees, the latter 
being fretpiently the less important consideration. 

High forest is usually preferable to coppice, because 
regeneration recurs only after longfir intervals, and deer 
especially prefer coppice shoots to seedling plants ; at the same 
time, coppice woods suit most kinds of game hotter than high 
forest. Bpecios which product* food for tlio deer, as oak, 
chestnut, etc., should be represenlod in door forests. 

Young growth must he carefully fenced ; planting is 
preferable to sowing, as tho object shouhl be to reduce the 
regeneration period to a luiniinmn. 

SECTION II.-OHOIOE OP SYSTEM. 

It has been shown in the last section that each silvicultural 
system has its special advantages and disadvantages, and that 
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their effects differ principally in respect of the production of 
wood, the power of resistance against external dangers, and 
the preservation of the factors of the locality. All these and 
many other matters must be considered in selecting the system 
which is best adapted to any special set of conditions. They 
may be brought under the following headings : — 

(1.) Suitability of the system to the selected species. 

(2.) The permanent preservation or even improvement of 
the factors of the locality. 

(3.) Protection against external dangers. 

(4.) Safety and simplicity of the method of regeneration. 

(5.) Quantity and quality of the produce. 

(6.) Intensity of management. 

(7.) Existence or absence of forest rights. 

1. Suitability of the System to the Selected Species. 

This is a consideration of the first importance in all cases 
where it is desired to grow a particular species. In the first 
place, coniferous species cannot be treated as coppice woods ; 
while several broad-leaved species, such as beech and lurch, 
possess only a moderate reproductive power by shoots. In all 
such cases, only the high forest systems are indicated ; beech 
and birch, at any rate, should not be grown in pure coppice 
woods. Again, light demanding species with thin crowns are 
but badly suited for ordinary simple high forest ; they should 
be raised as standards in coppice with standards, or in two- 
storied high forest, or with a coppice underwood, or in mixture 
with shade bearing species. Such species are also difficult to 
raise under shelter-woods. On the other hand, tender shade 
bearers like beech and silver fir are better adapted to the 
shelter-wood systems than to the clear cutting system. 
Lastly, whenever a system involves two crops of different 
ages on the same area, the overwood must consist of a 
thin crowned, that is to say, light demanding species, 

and the underwood of a dense crowned or shade bearing 
species. ° 
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2. Preservation of the Factors of the Locality. 

On general economic principles, forests should be worked 
and managed for a sustained yield, and not for a temporary 
high return ; hence, it is necessary to select a system under 
which the factors of the locality are at least maintained, and 
if possible improved. 

In the case of exceptionally good localities with a rich fresh 
soil and a favourable state of moisture and temperature of the 
air, any system can be adopted which answers to the other 
requirements of the case. On all localities of only middling 
quality, and still more so on poor localities with an unfavour- 
able climate, the first consideration must be the preservation 
of the factors of the locality, or else a steady deterioration will 
set in, which may end in complete sterility. In such eases, 
clear cuttings must be avoided as much as pi)ssible, and every 
effort made to keep the area permanently stocked with a crop 
of trees ; in other words, to regenerate under sholtor-woods, so 
as to lead the old crop gradually over into a new crop. Unless 
this precaution is taken, the degree of moisture in the soil 
undergoes violent changes, which act most injuriously on 
production. The systems best adapted in such cases are the 
shelter-wood selection system, the other shelter-wood systems 
which produce uneven aged young woods, the shelter-wood 
uniform system, and coppice with standards. 

8. Protection aoainst External Dangers. 

It should be the object of a good management to produce 
healthy woods, which are capable of resisting successfully the 
dangers to which they are exposed during life. Though species 
and method of regeneration are of principal importance in this 
respect, the system is also of some account. 

Where the object is to counteract the eroding effects of 
water running down sloping ground, to prevent the occurrence 
of landslips, avalanches, or devastation through shifting sand, 
woods of uneven age must be the rule, such as are produced 
under the shelter-wood selection system or the group system. 
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Whether uneven aged woods suffer less from wind, snow, 
and ice than even aged woods is as yet an open question, 
though it will probably be decided in favour of the former. 

In respect of frost, drought, and insects, the clear cutting 
system yields the worst results, the shelter- wood comi)artment 
system comes next, and then the systems which produce 
uneven aged woods, the shelter-wood selection system being 
best of all. 

4. Safety and Simplicity of the Method of Regeneration. 

Whether the one or other method of regeneration is the 
more suitable, depends on local conditions. In some cases 
artificial, in others natural regeneration is indicated. More 
especially, the importance of shelter-woods in the case of 
middling and inferior localities must never be overlooked, as 
well as in the case of those which are subject to external 
dangers. Again, in some cases natural regeneration is easy, 
in others difficult or almost impossible, and a selection must 
be made accordingly. Another point is that trees standing in 
an uneven aged wood produce, as a rule, more seed than those 
in an even aged wood. Finally, the system which acts most 
favourably in respect of the factors of the locality will also, as 
a rule, produce the most favourable germinating bed for the 
falling seed. 

5. Quantity and Quality of Produce. 

Woods yield timber, firewood, and a variety of minor 
produce. As regards wood, a distinction must be made 
between timber and firewood. Where only the latter is 
wanted, that system is preferable which yields the largest 
volume or greatest weight of produce within a certain space 
of time. Where the objects of management centre in the 
production of timber, other considerations prevail. Such 
production, if the timber is to be of any size, takes long 
periods of time, and it demands a continuous energetic action 
of the locality. More especially, a continuously even degree of 
moisture in the soil has to be aimed at. Next, the proper 
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amount of light must be given to each individual tree, in 
other words, a sufficiently large and well-developed crown 
These considerations lead to the following conclusions 
(a.) On fertile soil, with a sufficient; degree of moisture in 
the case of shade bearing species, and under moderately 
high rotations, the even aged systems yield satisfactory 
results, and their selection is justilied. 

(h.) On less fertile soils, which necessitate a careful 
husbanding of the factors of production, in the case 
of some of the species being light demanding, or treated 
under a high rotation, the systems of uneven aged 
woods are desirable. 

The former produce principally long and dean timber, the 
latter greater girth. 

In many cases, the objects of managomont favour the pro- 
duction of minor produce, and tho system must be selected 
accordingly. Where tanning l)ark of oak is wanted, the 
system of coppice is in its place. Osier be-ds require to be 
planted on cleared land. Tho growth of field crops also is 
only practicable under the system of chiar cutting ; at the 
outside, only a few standards may ho left on the ground 
Where grass and grazing is wanted, tho woods should be even 
aged, which means a short regeneration period ; or else the 
cattle will damage the young trees. 

6. Intensity of Manaoimient. 

_ The more valuable the returns of tho forest are, the more 
intense, or careful and detailed should be the system of 
management. 

The capital invested in a forest differs considerably under 
different systems, it being composed of the value of the land 
plus the value of the growing stock, apart from buildings, etc., 
w ich would be required under any system. Hence, high 
forest requires a much larger capital than coppice, and may 
yie a smaller interest on the invested capital than the 
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Artificial regeneration requires a periodical outlay of cash 
for sowing or planting, while natural regeneration can be 
effected without such outlay, though it may involve a con- 
siderable loss of time. 

The transport of the material is considerably cheaper in 
even aged than in uneven aged woods, because in the 
former case the operations are more concentrated. The 
same holds good as regards supervision. 

The shelter-wood systems require more skilled labour than 
the clear cutting systems. They also make much greater- 
demands on the intelligence and industry of the manager, 
because they require higher skill and more constant super- 
vision. 


7. Exisibnce oe Absence op Eights. 

In many cases, the existence of rights necessitates the 
selection of a particular system. For instance, where large 
timber has to be provided to right-holders, the coppice system 
would be inadmissible. 


8. SUMMAEY. 

Every silvicultural system has its advantages and dis- 
advantages, and it is necessary to ascertain in every case, 
whether the balance of the two tends towards the one or 
other system. The forester must decide which system meets 
most completely the objects of the proprietor. From a silvi- 
cultural point of view, the first point for consideration is the 
general suitability of the system, and next the continued 
preservation and, if possible, improvement of the factors of 
the locality ; temporary, or immediate, financial considerations 
should only prevail in so far as they do not interfere with the 
two former considerations. 
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FOEMATION AND EEGENEEATION 
OF WOODS. 

The formation of a wood comprises all measures having for 
their object the production of a new crop of trees. Such a 
crop can spring up from seed, slips, layers, pieces of roots, or 
from stool shoots and root suckers. In some cases the forma- 
tion of a new crop is the result of the spontaneous action of 
Nature, in which case the forester speaks of natural formation 
or regeneration; in others, the seeds or young plants are brought 
on to the land by the action of man, when the process is called 
artificial formation, A further distinction must be made as 
regards the special kind of material employed in the formation 
of a wood. Again, two or more methods of formation may be 
combined. And again, a wood may be composed of a mixture 
of two or more species. Finally, certain preliminary works 
may have to be carried out, before the formation of a wood 
can be commenced. Accordingly, this part has been divided 
into the following chapters ; — 

Chapter I. Preliminary Works. 

„ II, Artificial Formation of Wools. 

„ III. Natural Eegeneration of Woods. 

„ IV. Formation of Mixed Woods. 

,, V. Choice of Method of Formation. 
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OJIAPTER I. 

PRELIMINABY WORKS. 

Bbfokk a wood can be foniHid certain preliminary matters 
must be attended to. Tlieae will bo indicated in the following 
three sectione : — 

Section I. — (Jhoice of HpocioH. 

„ II. — Fencing. 

„ III. — lUiclamation of the Hoil. 

SECTION I. CHOICE OP SPECIES. 

The sncceHS of foreetry dependa, in tlie brut place, upon a 
judicious selection of the species of tree which is to be 
grown under a given set of conditions. A full considera- 
tion of this matter is of groat importance, because mistakes 
made in the s(ilection of species cannot, as a rule, be recti- 
fied until after a considoruhlo lapse of time. Most indigenous 
species thrive almost (xpially well on ordinary soils for a 
series of years, while those unsuited for a particular locality 
commence falling off only after pcirhaps 20, 80 or even more 
years. 

The full success of a spticies depends on many things, 
amongst which the following deserve special attention : — 

(1.) Suitability for the objects of management. 

(2.) Adaptability to the desired silvicultural system. 

(3.) Exposure to damage by external causes. 

(4.) Suitability of species for the locality. 

To which may be added, 

(5.) Desirability, or otherwise, of a periodical change of 
species. 
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1. Suitability of the Species for the Objects op 
Management* 

The varying objects of management have been indicated on 
page 1. Whatever they may be in any special case, the 
species must be selected so as to do them full justice. 

If the object is to grow produce of a definite description, 
the species must be capable of yielding it ; it would be useless 
to grow yew for hop poles, or poplar for naval construction* 
Where the objects of management are governed, or influenced, 
by existing forest rights demanding timber or firewood of a 
particular species, that tree must be grown. If, o)i the other 
hand, third persons are entitled to trees of certain species, 
should they happen to appear on the area, the owner would 
not voluntarily cultivate them. 

Where the object is to produce the greatest possible quantity 
of material per unit of area, that species must be selected 
which produces the highest average annual increment. 

In gauging the financial desirability of a species, the 
quantity and quality of the produce, as well as the expense 
of rearing it, must be taken into account. In some cases 
only certain species are saleable, while others are without 
value. Again, some species produce a much higher percentage 
of timber as compared with firewood, than others. 

Species with a thin crown are indifferently adapted for wind 
breaks, whereas they may be specially suited for nurses over 
a tender crop, or as standards over coppice. 

The above instances will suffice to show that the number of 
species which may be desirable in any given case is narrowed 
down by the objects of management. 

2. Adaptability of the Species to the desired 
Silvicultural System. 

All species of trees can be treated as high forest, but only 
a certain number as coppice woods. The conifers of temperate 
Europe either do not coppice at all, or very indifferently ; 
even some of the broad leaved species do not yield satisfactory 
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results. Shade bearing species are not desirable as standards 
in coppice with standards. Species which are tender during 
youth should be grown under a .shelter-wood system, and vice 
versd. A selection of species must bo made accordingly. 

3. E.xi‘osuuk on the Species to Damage by Extbbnal 

Causes. 

The selection of specio.s to bo planted is further narrowed 
by the degree to which they are e.xpoHod to injury by external 
causes, as lire, frost, draught, cold winds, strong gales, insects 
and fungi. Conifers, for instance, are more e.xposed to damage 
by tire than broad leaved species ; larch and silver lir suffer 
much from canker; spruce is liable to bo thrown by wind- 
beech and silver Hr are frost tender, while Bcotch pine and 
birch are frost hardy ; Hootch pine and spruce are more 
subject to damage by insects than any other European 
species, etc. All those matters influenco the choice of species 
under a given set of conditions. 

4. Huitabiijty op the Hj'ecies poh the Locality. 

From the point of view of Political Economy, the improve- 
ment, or at any rale the maintenance, of the yield capacity of 
the locality is the most important consideration. Whether the 
owner of a forest he the Htato or a private person, he will find 
a system of management recognising that principle to be the 
most profitahhi in the long run. Hence, it must be the 
forester’s endeavour to grow species, which not only suit the 
locality hut also tend to improve it. 

In the first place, the (iiialUt/ of the locality must he carefully 
ascertained, so as to avoid growing a species w'hieh has no 
chance of thriving on it. This task is by no means an easy 
one, because the effects of some of the factors of the locality 
on tree growth are as yet imperfectly understood. The 
climatic factors are of special importance ; hence, the effects of 
tlje geographical position, altitude, aspect, gradient, contour, 
and surroundings of the locality upon the temperature, degree 
of moisture, and air currents must be carefully considered. 
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The soil and, if necessary, the subsoil as well must be 
examined as to depth, degree of porosity and moisturo., com- 
position and admixture of humus. The development of any 
trees already growing on the locality, or in its vicinity, should 
be carefully studied. An investigation of this kind will generally 
indicate what species are capable of thriving on a locality ; it 
should, however, not be overlooked that any species found grow- 
ing naturally on the area are not always those best adaptod for 
it, because their presence may depend on circumstances other 
than a general suitability of soil and climate ; for instance, a 
shade bearing species may have ousted a light demanding one, 
or a greater power of reproduction mayhave enabled one species 
to drive out another possessed of less energy in that respect. 

As long as the factors of the locality are fairly the same 
over the whole area, the latter may be treated in a uniform 
manner, but the occurrence of decided differences may 
necessitate the selection of different species for different parts. 
Any attempt at uniformity, in spite of such differences, may 
lead to a serious loss in returns. 

In order to provide for a continuous preservation of the 
fertility of the locality, it is necessary to select species which 
give sufficient shelter to the soil and a good supply of humus, 
or, at any rate, to mix such species in sufficient numbers with 
those which do not shelter the soil. This rule can only be 
disregarded in thoroughly favourable localities. Under these 
circumstances, species with dense crowns must receive special 
attention in making a selection for middling and inferior 
localities; in addition, interference with the fertility of the 
soil, such as the removal of leaf mould, excessive grazing, 
faulty treatment, etc., must be carefully avoided. Above all' 
personal fancy on the part of the forester for a particular 
species must be set aside. 

Not unfrequently, several species are found to be equally well 
adapted for a locality. In such cases, other considerations 
must decide which shall be grown, or whether a mixed wood 
IS preferable. 
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Owing to the groat va,rioty of tlie factors of the locality, the 
task of selection is frequently reudenal diiticult. On fertile 
deep, fresh soil almost any species will thrive. Again, where 
the locality has such a decided character that only one or 
two species are adinissihle, the (thoice is easy enough; for 
instance, deep dry sand ])nints to the cultivation of the 
Scotch or Weymouth pine, wot soil to that of the alder. 
Where, however, the fertility of the soil has deteriorated, for 
instance by the continual removal of litftu-, or wh(!ro damage by 
fire, frost, drought, snow, storms, and insects may he appre- 
hended, it is often diflicult to select the. most suita.l)le species. 

Prequently, the factors of tho loiiality do not (‘xactly corre- 
spond with the rwiuinnimnts of any Hp(u!ioH, so that the power 
of accommodation heeonwis an important element. This 
power in tho case of some Kp(‘ci(‘K is cutifiiHid within narrow 
limits, while others can a<!apt tlmmselves to all sorts of 
conditions. For instance, S(!otch })ine and larch are very 
accommodating as regards soil and climate ; spruce, beech, 
and silver fir are less accommodating, and still loss so are the 
maples, alder and ash. Honietinuis, the power of accommoda- 
tion depends chiefly on oix! factor; if that is not present the 
species will not thriv;^. Taking for instance the temperature, 
sw'eet chestnut and common elm an*, exacting, while Bcoteh 
pine is thereversti. Oak and alder r<;quire particular degrees 
of moisture in the soil, while hircdi and Hcotch pine are not 
particular. Spruce prefers moist air, etc. 

iJ. OllANOK OP THK Hl'KCIKS. 

The question deserves to he mentioned here, whether in 
silviculture, at the end of successive rotations, a change of 
species is advisable, or not. Change of crops is practised in 
agriculture, because different species make different demands 
on the soil. By changing the crop annually, more time is 
given for the accumulation of tho suhstances which a particular 
species may require. In the same way it has been suggested 
that better results might be obtained in silviculture by a 
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change of species, especially as certain phenomena seemed to 
support such a view. It has been observed, for instance, that 
coniferous trees here and there supplant broad leaved species, 
that spruce frequently usurps the place of silver fir, and birch 
that of Scotch pine, or that exacting species no longer thrive 
in certain localities. 

On a close investigation, such a theory will be found unten- 
able except on poor soils. Timber trees take comparatively 
small quantities of mineral substances from the soil, if the leaf 
mould be not removed, in fact, only about one-twelfth of the 
total quantity required by field crops, and about one-twentieth 
of the rarer substances hence, all except poor soils can go 
on providing the necessary quantity of mineral matter for any 
length of time. The trees protect the soil by their foliage, 
whilst the fallen leaves give a substantial amount of organic 
matter, in addition to the inorganic materials previously taken 
from the soil. This amount may be so considerable that an 
increase of fertility may actually be produced. If, nevertlie- 
less, in some cases a reduction of the fertility should be 
observed, it will be due to insufficient shelter afforded by trees 
with thin crowns, to heavy removals of litter, faulty treatment, 
fires or other causes. 

The fact that one species sometimes supplants another is 
generally due to its greater reproductive power, or its greater 
resisting power against external influences. For instance, the 
felling of a spruce or Scotch pine wood may be followed by the 
appearance of large numbers of insects, which breed in the 
stools of the trees left in the ground, and destroy any young 
crop of these species which may spring up ; other species not 
subject to such attacks may then occupy the ground, if allowed 
to do so. 

As a rule, in silviculture a change of species is called for 
only in special cases, such as the following ; — 

(1.) When the original species has, on general grounds, 
been found unsuited for the locality, 

* See page 40, 
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(2.) When an inferior species i.s to he replaced by a more 
valuable one. 

(3.) When the fertility of the soil, in consequence of faulty 
treatment, heavy removal of litter, etc., ha.s deteriorated 
so that the original .specie.s will no longer thrive on it 
and must give way to one Io.kh exacting. 

(4.) When a temporary shelter- wood (nurses) is required for 
a tender species. 

(5.) When the object is to extend tho growth of one species 
uniformly over a certain area. 


SECTION II.~PENCINa. 

Fencing is used for mirsories and woods. Whether it is 
required for the latter depends on tho extent to which a 
particular species is exposed to attacks by cattle or game. 
Erecting fences is ordinarily one of tho heaviest items of 
expense in the formation of woods, and it is essential to select 
in each case that kind which, while mooting the necessary 
requirements, involves a niininmm outlay. 

The number of different kinds of fences, which are in use or 
have been suggested, is very groat. It is not intended to 
describe these here iir detail, as a practical knowledge can 
only be obtained out of doors. It will suffice to enumerate 
the principal kinds, and to give illustrations of a few which 
seem specially adapted for silvicultural j)urpoH6s. 

1. iricrxiEs. 

Hedges are formed of a great variety of trees and shrubs, of 
which, for temperate Europe, the following maybe mentioned: 
Hawthorn, blackthorn, hoocli, furze, holly, laurel, yew, box, 
privet, barberry, hornbeam, birch, elder, spruce and silver fir. 
lEor silvicultural purposes, hawthorn, beech, hornbeam and 
\spruce are perhaps most to be recommended. Several years 
will elapse, however, before they can efficiently protect an area 
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against cattle or game ; hence, they must either be planted 
beforehand, or augmented by a temporary fence of some other 
kind. 

Fig. 10 represents a cross-section of a wedge-shaped thorn 
hedge (after Brown). 

Fig. 11 shows a longitudinal section of a thorn hedge (after 
Heyer) ; each plant has been coppiced near the ground ; of 
the shoots which appeared, two were left on each stool, 



Fig. 10. ^ Fig. 11. 


trained to opposite sides and interlaced. Such a hedge can 
be made to keep out hares and rabbits. 

Living hedges are, in forestry, only used for nurseries or 
along roads leading to pastures. 

2. Walls. 

These may be dry stone walls, or they may be constructed 
with mortar. The former are liable to fall, and the latter 
are very expensive. Walls generally interfere with the free 
circulation of air ; in some cases, this may be desirable for 
the purpose of protecting tender plants against cold air 
currents. 

Turf dykes are walls constructed of turf and can replace 
stone walls, where turf is abundant and stones are rare ; at 
the same time, they are of a perishable nature. In the 
accompanying Fig. 12 (after Brown), the natural surface lino 
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is represented by a. a, a, a, while h, h are the places where 
the turf has been excavated, and <•, c, tlie dyke consisting of 
successive layers of turf. 


('■ 



3. WoouKN PAumns. 

There is an endless variety of wooden palings. 

Tig. 13 shows a wooden fence, aifording protection against 
rabbits. oi> one half of tho diagram. Jt sulTors under the 
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disadvantage that all the upright spars must be driven into 
e ground, which causes them to rot. To reduce this danger, 
the inserted, part should he tarred or creosoted. It is far 
better to replace the short spars by wire netting. 

oon wood fences are made in sections, so that they . 

can be earned from one place to another. 5 
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4. Ditches. 

Ditches for keeping out animals should be constructed with 
a perpendicular wall (a) on the inside and a gentle slope (/;) out- 
wards (Pig. 14) ; sometimes the perpendicular side is faced by 
a stone wall (c) to prevent its falling in. On the whole, ditches 
are expensive, if constructed so as to be lasting ; hence, in the 
majority of cases they are only used as an auxiliary to other 
fences, for instance a wooden paling or a wire fence (d). 

5. Wire Pences. 

Here again, a great many varieties have been introduced. 



some having iron standards and others wooden supports. In 
the case of permanent nurseries, iron standards may be desir- 
able, but m fencing woods, which only require protection for 
a limited number of years while under regeneration, wooden 
supports wiU, in the majority of eases, be found cheaper On 
the whole, for silvicultural purposes wire fences with wooden 
supports are probably more suitable than any other kind 
Pig._15 represents a fence consisting of wooden supports 
wi h sm wires so arranged as to keep out horned cattle, horses 
and sheep; height 4 feet, a - - . « shows the surface of the 
SOI , 6 and c the two end or straining posts of a section, which 
should not be further apart than 600 feet; d, d represent 
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intermediate thinner posts, placed from 5 to iO feet apart; h 
and <! have each six holes horcd into them. At b the ends of 
tlie wires are passed through those lioles, ))ent round the post, 
and fastened securely to the wires at r. At the other strain- 
ing post, r, the wires are strained and fastened by various 
contrivances, one of which is siiown in the illustration. It 


0 / 



consists of a screwed eye-holt not less than 12 inches long. 
The end of the wire is fastened to the <>ye of tho holt (Fig. 16, a), 
and tho latter passesd through tlui hole in tho straining post. 
On the other side a nut, h, is screwed on after first inserting 
a plate or washer, c, to ])revent tho nut from cutting into the 
wood. By turning the nut sufliciontly, the wire becomes 


a 





Fig. 10, 
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strained. The wires are fastened to the intermediate posts 
by staples (Fig. 17). Those are driven half-way into the 
posts and the wires passed through, before the straining com- 
mences. They are driven home when the straining has been 
completed. 

. Fig. IS shows a cast-iron straining bracket fastened to a 
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wooden pillar ; this is worked with a key. It is used instead 
of the eye-bolt. 

Where rabbits or hares are to be kept out, wire netting may 
be added to the lower part of the fence. 

The cost of the materials in England may be estimated as 
follows : — 

Wire, imperial standard wire gauge, No. 8, about one 
shilling per 100 feet ; galvanised, J more. Straining bolts, 
12 inches long, f inch diameter, with nut and washer, 
tenpence each. Straining brackets (Fig. 18), tenpence each. 



Fig. ]8. 


Steel staples, per 1,000, 95. ; galvanised, ^ more. Thus, the 
iron materials come to about Sd, a yard, or id. if galvanised 
wire and staples are used. The costs of the posts and of 
labour depends on local circumstances. 

For nurseries, iron fences may be used, to which wire 
netting may be added, if necessary. Fig. 19 represents such 
a fence. It is 4 feet high, the pillars are feet in the 
ground, and the fence is strong enough to keep out horned 
cattle, sheep, goats, hares, and rabbits. The straining pillars, 
a, are so arranged as to strain the wires on both sides ; they 
are usually, in this fence, placed 220 yards apart. The stan- 
dards, b, are tee-irons, IJ" x U" x fY, placed 12 feet apart. 
The top wire is galvanised barb No. 4, the three lower wires 
No. 6 galvanised strand. The netting is li- inches mesh, 
medium quality ; it reaches 3J feet above ground, and is 
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pegged clown 0 indies along the surface outside, to prevent 
rabbits Imrrowing under it. This fence is offered in the 
London market for about l.s. Bd. a yard.* 


(). Combinations. 

Frecpiently, two kinds of fences are combined. More par- 
ticularly, wooden iialings or wire fence.s or even turf dykes and 
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walls may be added to ditches, or walls and turf dykes may 
carry a wire fence or a wooden imling (see Fig. 14). 

7. CiiojoK on Fmnuk. 

The choice of fence depends ehiefiy on : 

(1.) The time during which it is reijuired. 

(2.) The species of animal to be kept out. 

If an area is to be protected permanently, or at any rate 
during a considerable period of time, the fence should be of 
a substantial nature, such as a living hedge, wire fence with 
iron standards, or stone wall. For a limited number of years, 
wooden palings, a wire fence with rough wooden standards 
against cattle, or wire netting only against rabbits, will be 
cheaper. The latter can be erected for live to seven pence per 
running yard, according to circumstances. 

Protection may be provided against horned cattle, horses, 

By the Inm Wire, Wire Uupe, mitl Kejichig Coiitpaiiy, Westminster. 
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sheep, goats, and deer by any of the above-mentioned fences. 
Where hares and rabbits are to be excluded as welf, wire 
fences, and often also hedges and wooden palings, require the 
addition of wire netting, or a similarly effective arrangement. 
In the case of rabbits and hares only, wire netting, with cheap 
standards, suffices; the wire netting must go from 6 to 12 
inches below the surface ; a still better arrangement is to lay 
it flat on the surface on the outside for 6 to 12 inches and cover 
it with soil or turf. 

Against ordinary cattle, a height of 4 feet is sufficient, but 
against deer the fence should be 6 and even 7 feet high. For 
the latter purpose, where protection against rabbits is not 
wanted, strong wire netting with about 4 inches mesh has of 
late come into use. 

It should always be remembered that the larger the area to 
be fenced, the smaller will be the cost per acre. 

SECTION- in.-RECLAMATION OF THE SOIL. 

Soil may be called fertile for silvicultural purposes, if it 
possess sufficient depth, a suitable degree of porosity and 
moisture, and a suitable chemical composition. Forest 
soil, if undisturbed, will in most cases maintain, or even 
acquire, those physical conditions which render regular arti- 
ficial tillage unnecessary. Immediately before and during 
the formation of a wood, however, certain things may have to 
be done to render the soil fit for the growth of trees. These 
measures may be divided into the following two groups 

(a.) Eeclamation of soil unfit for the growth of trees. 

(6.) Tillage of the soil concurrent with the formation of 
a wood. 

The latter will be dealt with in connection with the various 
methods of starting a wood. Group (a) includes the following 
measures : — 

(1.) Treatment of an impermeable substratum. 

(2.) Treatment of swampy ground generally. 

(3.) Irrigation of arid land. 
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(4.) Treatment of excessive layers of ve-'ctablo matter. 

(5.) Fixation of shiftiiiK Mund. 

(6.) Fixation of unstable soil on slojuis. 

It would require a voluino to itself to deal exhaustively 
with these matters ; hene(«, in this plui-u only a few short 
remarks can be made on the, more imjiortant points. 
Those who require more detailed information, will find 
it in Volume IV. of tliis Manual and in sjuicial works on 
the several aubjocts. 

1. TimA'niKNT OI-’ AN hn>KUMK.\Ilt,K Sl H.STJtATlIM. 

Impermeable atrata in the .soil (^on.sist, in .some, caHCS, of an 
accumulation of clay, which ha.s by de^o'ee.s becm washed out 
of the surface layers and deposited at a certain depth; in 
other cases, sand or gi'avel ha.s been <-onver(<!d into a hard 
rock-like imuss by the addilion of organic matter, clay, or 
oxide of iron. Where, heather pniviiils, the. (hicomposition of 
the dead parts proceeds at a slow rate, so that an excess of 
humic acid is irrodueed; tlu! useful <!h-menls of the soil are 
carried below, a white, wa.Hh(«<l-out .sand remains, and below it 
an impermeable stratum is formed. Hindi a stratum is fre- 
quently called a pan. It may he found at varying depths 
below the surface ; if at a <lepth of •! h-et or more* it iloes not, 
as a rule, interfere with the growth of forest trees, o.xcept 
perhaps on arid unirrigated ground, hut if it occurs nearer 
the surface it may jmxluco the follottiiig injurious effects:— 
{a.) Interference with tlie development of a proper root 
system, followed liy small height growth and liability 
of the trees to lie thrown hy strong winds. 

{h.) Interference witli tho movement of water in the soil, 
preventing its penetration into the suhsoil during wet 
weather, and its ascent during dry weather ; in other 
words, it may render the soil too wot at one time and 
too dry at another. 

The remedy is to break thi’ough the iini)erin6able atratam, 
so as to connect the upper and lower permeable layers of the 
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soil. According to the nature of the pan and its depth below 
the surface, one of the following methods of treatment must 
be adopted : — 

(a.) Deep ploughing. 

(b.) Trenching. 

(c.) Eaising the surface level. 

(d.) Addition of lime to the surface soil. 

If the lowest part of the pan is not deeper than 18 inches 
below the surface and not too hard, ploughing may be adopted ; 
the pan, being brought to the surface and exposed to the 
atmosphere, soon disintegrates. Pans, situated at a greater 
depth than 18 inches, must be broken through by trenching 
with spade, hoe, pick, or crowbar. In either case, the operation 
is expensive ; hence, it is usual to treat only part of the area, 
in strips, patches, or holes, ^rips may be 2 to 3 feet 
broad, separated by unbroken ground 4 to 6 feet in breadth, 
so that the actual work is restricted to about one-third of the 
area. Pat<?hfi,s may be of various sizes, down to hol es, about 
12 inches square. 

If the pan is very thick and goes to a greater depth than 
3 feet, it may be cheaper to raise a portion of the land, by 
cutting ditches at intervals and placing the excavated earth 
on the intermediate strips, thus providing the latter with 
a depth of soil sufficient for the production of trees. 

The treatment of impermeable strata is always an expensive 
matter, so much so in many cases that the utilisation of the 
area becomes altogether unprofitable. In some cases, the 
expense may be avoided by planting a shallow rooted species 
and being satisfied with moderate I’eturns. 

When the formation of the pan is due to an excess of 
humic acid, as on heather land, lime may be given, which 
binds the excessive quantity of the acid. 

2. Treatment op Swampy Ground generally. 

Each species thrives best with a definite degree of moisture 
m the soil at all times of the year. That degree differs 
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considerably in the case of tiui soveral forest trees ; while some 
like moist and even wet soil, otlKo-H will not Honrish in such 
localities, and none of them in .stuffnaiit water. It follows 
that an excess of nioistimi, ov(!r and above what is suitable 
for a given species, must ho rtmioved before a wood is started. 
The method of doing this depends on the cause of the e.Ycess 
of moisture. 

A locality becomes swampy if it receives more water than 
can be disposed of by evaporation, liltering into tlie subsoil 
or surface drainage. An (ixcciss of waicr may bo due to ex- 
cessive rainfall, inundation, undm'ground luirrents, or springs- 
in the first two cases, the Hwampimws may bo only temporary. 
The natural draining away of the e.xceHs water may be im- 
peded by an insufiiciont local gradient, hy an impermeable 
soil, or by both combined. 

Before removing the surplus watisr from a swampy jaece of 
ground, tho expense and the ellect of drainage on the sur- 
rounding lands should laj carefully conside-red. Tho cost is, 
as a rule, considerable and sometimes prohilutive ; draining 
a swamp may, especially in a hilly country, seriously reduce 
the necessary degree of moisture of adjoining areas, the con- 
tinuous flow of water in the ordinary water (duumols, oven the 
amount of rain and dow in tins neighbourhood, or lower the 
level of underground water. Mxisting woods, which have 
become accustomed to a csii-tain d()gree of nioistiire, may 
thus be seriously injured.* 

If, after full consideration, it has laiOii decided to remove 
the excess water, this can Ixs domi, either by diverting the 
water before it i-eaehes the swampy ground, or hy draining 
the latter. 


a. iJh'crsiou of K.vct‘K» Water, 

This is done by embankments in the case of inundation 
water coming from rivers in lew lands, or by ditches in the 

* It IS believed tlmt some of the eliim iii the I.<»iig Walk, WindHor I’arfc, died 
m consequence of drainage carried out Home tinx.- ago ,■ after these drains bad, 
equcnce, joen blockeil again, tho remaining trees recuvereti. 
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case of spring water or surface drainage coming from higher 
ground. 

Inundation water moving over the surface of the land may 
be kept out of a certain locality by a surface embankment ; 
if the water moves underground, it can only be stopped by a 
substantial underground embankment, such as a stone or 
concrete wall. 

Spring water and surface drainage in hilly ground is caught 
and diverted, by running a ditch of suitable dimensions 
along the slope of the hill just above the swampy ground. 
The ditch intercepts the water and leads it past the swamp. 



In cases where the spring is situated in the swampy ground 
itself, only draining can meet the evil. 

h, Drainmg. 

A swamp may be drained : — 

(1.) By increasing the gradient (or width) of existing water- 
courses. This is practicable when the latter pursue a winding 
course ,* in such a case the course may be straightened, so as 
to increase the velocity of the current. The method is only 
occasionally applicable. 

(2.) By breaking through an impermeable stratum in the 
soil, so that the water can filter into the subsoil (Fig. 20). 
Here, a represents the water, h and d permeable strata, and 
c an impermeable stratum ; ^ the channel leading from the 
swamp to the lower permeable stratum. 
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(3.) By constructing a scrios of dilchos, or laying down a 
series of drainage pipes. The Iiilter are rarely vised in 
forestry, because they are expensive and iiaiile to he choked 
by the roots of tlie trees. For the hiuik! reasons, covered 
ditches are only rarely employed. d’he ine.thod usually 

followed consists in theconstrmdionof tt series of open ditches 
because they are coinjiamtively <dieap, whilst setting aside a 
portion of the area for ditches do((s not reduce the returns 

There may be three kinds of ditclies : 

(1.) The collecting ditches, or feeders : 

(2.) The connecting ditche.s, or hsaders; 

(3.) The main drain. 

See Fig. 21. 

The feeders receive the wattsr from tlm soil and conduct it 
to the leaders, whenctj it is taken into the mam drain. In 
some cases, the feeders fall direcUy into thc! main drain. 

- The fmt utrp in proceeding to <lrain an area is to take 
levels, so as to ascertain aiamrately thi( fall of the locality; 
if the area is of some e.xtent, a map showing contour lines 
should be prepared. I'nhiss this is done, mistakes are 
likely to occur in laying out the system of drains. 

The second step is to lay out the main di'ain, if possible 
along the natural line of drainage ; in other words, along the 
lowest part of^ the area. According to the natural fall of the 
landjtlie gradient of the iiiain drain may have, to he increased 
by cuttings; in other cases, it must be reduced by giving it a 
winding course, so as to secure a suitable fall ; or terraces may 
be constructed. 


The third step is to lay <ait a sysleiu of feeders, more or I 

less parallel to each other, at a suitalde angle with the | 

general slope of the country, and to coimect them at an I 

acute angle with the main drain, either directly or through a I 

leader, which is similarly comieetod with tlie main drain. I 
^ such a systeiu of drains, the gradient, || 

depth shape, and distance from each other require careful 1 
consideration. 
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The gradient^ or fall, should be such that the water is 
carried away with sufficient rapidity, without causing injury 
to the base and sides of the drains by the scouring action of 



the water. Where the natural gradient of the ground is in- 
sufacient, the base of the drain must be sunk until the 
necessary fall has been obtained. Where it is too great, the 
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drains must pursue a winding or Kig-zag course, so as to 
reduce the fall ; or the base and sides of the drains must be 
protected by a facing of stone, or fascines ; in some cases the 
base may be terraced. 

The maximum gradient which is admissible depends on 
the nature of the soil. Whore the latter is of middling con- 
sistency an average fall of 1 per cent, would probably be 
indicated; on linn soil it may bo gnuiter, on loose soil smaller. 

The depth of the feeders de.ponds on the depth to which it 



h. Feeder, four feet dee{), (f (o <\ Ah<»ut three feet. 

Layers of soil actually drahuHl. 





a, a. NafcurallcTcl of #j;rouu(L 

}), Leaders (live feet dec})), or main drahm. 
c. 0 . Feeders. .Depth at upper eml, ft. tl iiu, at lower end, 4 ft. (1 in. 


(In these diagraius the height is exaggerated.) 

is intended to drain the land ; the formetr must bo somewhat 
greater than the latter. The depth to which the soil requires 
draining may vary from 18 inches to 8 feet, according to the 
species to he grown. Ash, hornbeam, and elm can do with 
18 inches, while Scotch pine, beech and silver fir, prefer soil 
which is drained to a depth of S feet. 

Figs. 22 and 23 illustrate the compai'ative depth to which 
a locality is drained, and that of the feeders and leaders. 

The shape of the drains depends on the fall and on the 
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nature of the soil ; the greater the cohesion of the latter, the 
steeper may be the slopes of the sides. In the case of peat, 
the sides may be almost perpendicular, in stiff loam they 
should form an angle of about 45 degrees, and they must 
become more and more slanting, as the proportion of sand in 
the soil increases. The base of the ditch should be at least 
as broad as the spade which is used in making and after- 
wards cleaning it. For the rest, the width of the drain 
depends on the body of water which has to be carried away. 
The distance between two successive feeders depends on the 
permeability of the soil, the depth of the ditches, the depth 



Fig. 24. 

a — a. Natural level of swampy ground. 

5, &, Ridges on which the trees are to be planted'. 


to which the land is to be drained, and the general fall of 
the locality; it will usually range between 30 and 100 feet. 

c. Raising the Level of Pai't of the Oroimd. 

If it is undesirable or impracticable to drain a swampy area, 
and, if the water is of moderate depth, it may nevertheless be 
rendered useful, by excavating part of it and using the soil so 
obtained to raise the level of the rest to a sujfficient height, so 
as to render the cultivation of trees practicable. In such 
cases, the raised parts generally form parallel ridges, as indi*. 
cated in Fig. 24. Such works are expensive, and only species 
which stand a good deal of moisture can be grown. 

3. Irrigation of Arid Land. 

In temperate Europe, irrigation is employed only in 
nurseries, but in more southern, tropical, and arid countries 
extensive areas are artificially irrigated for the growth of 
forest trees. The details of irrigation must-be studied from 
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a Special work on the subject.* Tn a general way, irriga- 
tion may be described as the roverso of draining; thus in 
Fig. 21 (page 141), <1 w^ould represent tlie main supply channel, 
situated in the highest i)a,rt of the area, r, r, r the leaders, 
and h, h, b the distributing trenches. The watering of the 
land may be caused by overliow from the trenches, or by per- 
colation; in the latter case, the trenches would only be just 
filled, and no more. 

Where extensive areas are to bes ii-rigalAul, the channels and 
trenches must bo carefully laid out, with a suitaldo fall, so as 
to prevent the bursting of the (diaunels and the silting up of 
the trenches. 

4. Trkatmknt 01'' Exckssivb AeeuMun.vnoKs ok Vegeiabub 

Matter. 

Cases occur in which accumulations of vegetable matter 
have to be disposed of, before tins formation of a wood can 
be taken in hand. Such aceumulations may be objectionable, 
because they are so thick that the seedliiigs cannot reach the 
mineral soil within a roasonablo space- of time, and run the risk 
of drying up ; or they may have become acid, or bituminous; 
again, they may bo accompanitsl by swampiness, or be liable 
to dry up too fpiickly. 

The following cases specially interest the forester: 
a. Pv.at Ihujs. 

To render a peat hog lit for the growth of timber trees, 
one or all of tlie following operations must he carried out 

(1.) Draining. 

(2.) Eemoval of at least a portion of the peat. 

(8.) Mixing the peat with the mineral soil. 

, The draining is done in the manner described above ; it is, 
however, desirable to do this gradually, so that the layers of 
peat may dry by degrees, to prevent the formation of exten- 
sive cracks. The feeders should at first be of moderate 

* For instance, “ The Koorkee Treatise on Civil Engineering in India,” 
Vol. ii., Section x 
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depth, and gradually deepened, until the mineral soil is 
reached. 

When the layer of peat is shallow, it can, after draining, 
be mixed with the mineral soil below it, and thus rendered 
fit for the growth of trees ; a good plan is to grow one or two 
field crops on the area, before the trees are planted. 

If the layer of peat is deep, 3 feet and more, the upper 
portion must be removed, and only the remainder mixed with 
the mineral soil. The cut peat may be used as fuel, but if 
not so required, it may be cheaper to burn the upper layers 
in situ when suflSciently dried by draining, the ashes being 
mixed with the soil. 

b. Accumulation of Raw Humus. 

This may consist of an accumulation of leaves, needles, 
weeds, moss and twigs, which, from want or excess of mois- 
ture in the soil, or want of heat or lime, has remained unde- 
composed. The case occurs in already existing woods. To 
cure the evil, the wood must be thinned heavily some time 
before regeneration is contemplated, so as to increase the 
admission of sunlight and air currents and accelerate thereby 
decomposition. If this measure proves insufficient, part of 
the humus must be removed, and the rest mixed with the 
mineral soil. 

c. Dry Mould and Bituminous Humus. 

The first is formed by the decomposition of certain lichens 
on over-dry soil ; the latter is the result of the decomposition 
of heather and various species of Vaccinium. Both are 
unsuited for young plants, and they should be removed ; 
bituminous or acid humus may be treated with lime. 

6. Fixation of Shifting Sand. 

Sand of a fine grain, without a sufficient quantity of binding 
material, such as clay or humus, is liable to be blown about 
and to become moving or shifting sand, which spreads over 
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adjoining lauds. If thesu})i)ly is kept up, these shifting masses 
of sand form regular wavc.s which proceed at a certain rate in 
the same direction a.s that of the prevailing wind. Shifting 
sands are most prevalent along sea shores, but also occur 
inland. In cither case, hut especially near the sea, they are 
capable of forming considerable accumulations of sand, reaching 
a height of 200 feet and and even more, which are called dimes 
Before such areas can bo brought under wood, it is necessary 
to fix them, so as to allow tr<!es to spring up and lay hold of 
the soil permanently. 

(t. Vounl Ihini'n. 

Along the sea coast, the waves constantly throw up sand, 
which, after drying, is carried inland by air currents, forming 
a series of iddgiis and valleys, in many caH(!s, though not 
necessarily, paralhl to the sea shore. 'I'liesci sa,nd hills move 
steadily forward, )>eing rc.placcd bidiind hy frc.sh sand thrown 
up by the sea. The rate of progress varies conskhirably 
according to circuinstaiicOH. On the west coast of Jfranee it 
is said to be about M hict a yea.r, but as the in-occss has gone 
on for a long pesriod of time, an enormous area comprising 
millions of aciuis has become covered with sand. 'I'ho further 
progrciSH of thes evil has heen (diecked only in comparatively 
recent titne.s hy operations which it is useful to descriho shortly 
in this place. 

The ineasurGH which must las taktm are: — 

(1.) Cutting off a further sup[>]y of sand from the soa. 

(2.) Fixing the sand temporarily, so as to allow sowing or 
planting. 

(3.) Growing a crop of tro(!H and hushes, which will per- 
manently fix the sand. 

(4.) Maintaining permanently a crop of trees and shrubs. 

The first of these four measures is based on the fact that, 
although air currents are capable of moving the sand along 
level and gently sloping ground, they cannot lift it above a 
certain height. Hence, it is necessary, at a moderate distance 
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(100 — 800 feet) from high water level, to form an artificial 
hill, which is high enough to arrest the forward movement 
"oTtEe” sand, and this is done by the construction of an artificial 
dune, generally called the ''littoral dune.'’ For this purpose, 
a continuous line of paling is erected, consisting of planks 
about 6 feet long by 6 inches wide, 1 inch thick, and pointed 



Fig. 25. 

(i. Sea level. 

h. Paling in three successive positions. 
c. First wattle fence. 

(1. An additional wattle fence. 
e. Original surface of littoral dune. 
f I g. Surface of littoral dune in two subsef][uent stages. 

(The heights are exaggerated.) 

at the lower end. The planks are inserted into the ground to 
about half their length, an inch apart, the direction of the 
line being parallel to the coast. Against this fence the sand 
IS deposited, a certain portion being forced through the 
interstices and coming to rest in the comparatively quiet air 
immediately behind the paling. As soon as the accumulation 
of sand approaches the upper ends of the planks, they arq 

L 2 
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pulled up about 3 feet by meanK oi’ levers, and tins process is 
repeated until the artilieial dune bus reacdied such a height 
that no sand can be carried over the top (see Fig. 25). 
Simultaneously with tlus first erection of the paling, a wattle 
fence is placed at a convenient distance behind it, to prevent 
the sand, which has passed Ihroupdi the paling, from being 
carried inland ; when the first wattle fence bus been entirely 
covered, a fresh one is nuide to replace it. In this way the 
duno is forced to adopt a moderate slope on both sides, which 
is essential to its pennanent maintenance. The latter is 
effected by growing on it ceiiuin plants which are capable of 
living under such conditions. Among these, tho marram 
grass, Pmmma {Ammophila} amitirin, takes the first place; 
it has the protierty that, as the sand rises round it, its stalk 
grows higher and develop, s numerous adventitious roots at 
the joints. Other ])bints used for the same purpose are 
Eli/tnuii avenanus and Carcj- awnariiu 

The second measure, or tlie temporary fixation of the area 
covered with sand behind the littoral dune, consists in j 

covering the area with various maieriais. such as the 
branebes of coniferous trees, hmither, broom, furze, sea- 
weed, turf, etc. : the last, when ohtiiinalde, is he.Ht. These 
materials (e-xcept the turf) are kept in thidr place either by 
faHtcniiig them down with pi>gs, or by slmveiling sand upon 
them. 

The third iiieasure consists in slocking the temporarily 
fixed area with Irties, shrubs, ami grasses. Of trees, the 
Scotch pirns and tho cluyjaitf-piiio marilima) arospecially ; 

adapted ; seed of these may he sown, or transplants put in. ^ 
Of other plants J^minma uniuiriu, EIi/ihuh amuirivs, Carex 
armaria, broom {SarathamiiiiH xmpurim), a«t> furze {Ulex 
nana), may ho montioiiod. It is esseiitial to maintain the 
temporary cover until it is replaced by tho pormauent growth. ^ 

On tho west coast of Franco, tho second and third measures ji 
are done simultanoously. There, a mixture consisting of 
9 pounds of cluster pine seed, B pounds of broom, and 3| 
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pounds of Psamiria arenaria are sown per acre, and im- 
mediately after it the ground is covered with brushwood, 
which is kept in its place by occasional heaps of sand. 
The pines, the broom, and the marram grass come up 
together, and it is said that the young pines grow all the 
better when surrounded by the two other species. 

The cost of these operations is considerable, amounting 
sometimes to ten pounds per acre and more ; the expenditure 
will not be. found excessive, if it is remembered that fertile 
lands beyond the dunes may thus be protected against being 
covered by sand. 

&. Inland Dnnes. 

These are treated in a manner similar to that described in 
the case of coast dunes, with 
this exception, that the con- 
struction of a forward dune, 
corresponding to the littoral 
dune on a sea shore, may not 
be necessary. In many eases 
it may suffice to arrest the 
forward movement of the sand 
on the windward side by a 
wattle fence, until the ground has been covered with a growth 
of trees, shrubs and grasses. The temporary fixation of the 
sand is .here frequently effected by means of pieces of turf, 
which are laid in rows or squares, within which the sowing 
or planting is done (Fig. 26). 

In the case of both coast and inland dunes, it is essential 
to keep all domestic animals out of the area, at any rate 
for a number of years after it has been fixed, as they disturb 
the sand. When the area has been stocked with trees, clear 
cuttings must be strictly avoided, the wood being treated 
under the selection system, else the work may have to be 
done over again. ^ 

For further details, see Volume IV, of this Manual. 
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6. Fixation of Unstable Boil on Hloi-es. 

Owing to the action of water, soil on slojjing ground may 
become unstable. Water filtering downwards causes a re- 
duction in the cobosion of tins difforont layens of the soil 
followed by gradual denudation, or landslijjs. In water 
channels the banks nia.y be undorniined. The result is a 
reduction in the iiroductivo ])ower of the slopes, while the 
level ground below may lx? covered with the debris brought 
from above ; at any ra,te, tlie waktr (dianneJs in the low land 
silt up, and give rise to inundations. 

The detailed consideration of this subject belongs to Forest 
Protection.* ft will suffice Ikut'. to state that tlio best pre- 
ventive measure consists in kefsping suc.h ground permanently 
under forest growth, from which domestic animals should be 
excluded. 

If a bare area exposed to d<mudation is to bo stocked, it 
may be necessary to fix the soil before sowing or planting is 
attempted. This is done by luigulating the existing water 
courses, terracing thorn, and even (srecting wooden or masonry 
revetments. Where nectissary, additional water channels 
must be cut to lead oil all surplus water into the regular 
channels. Cattle ol all kinds must hc! strictly excluded. 
The land itself may have! to ho terraced, or wattle fences 
erected at suitable intervals. Only aft.ir the soil has been 
rendered stable, can the fonnation of a wood he commenced. 

Woiks of the above mentioned kinds havr; boon executed on 
a large scale in the Froncli,!- Kwiss and Austrian Alps, as 
well as in the Jura. 


• See Volume IV. of (his Mamml. 

Demon 'll' ,">'‘'1* ••(. (iu (inwiiimuncnt (iiw .Montagues, ” 

by p. Demontnej. Pam ; Hothsoliilcl, 13, Uuo <i. M Saints. IMces. 



CHAPTEE II. 

ABTIFICIAL FORMATIOlSr OF WOODS. 

SECTION I.~DIRECT SOWING-. 

By '' direct sowing ” is understood the formation of a wood 
by the sowing of seed directly on the area which it is i>roposed 
to stock. This can be done in various ways. Whatever the 
chosen method may be, its success depends on considerations 
which hold good, more or less, for all; hence, the general 
conditions of success must be dealt with, before a description 
of the different methods of sowing can be given. 

A. Conditions of Success. 

1. Choice of Species. 

The considerations which guide the forester in the selection 
of the species to be grown have been given in Chapter L In 
this place, attention must be drawn to the fact that under the 
system of direct sowing only a moderate amount of protection 
can be given to the seed in the ground and to the young 
seedlings which may spring up. Trees with delicg^te seeds and 
seedlings, or expensive .seeds are, therefore, less^ suited to this 
method than hardy species which thrive easily, and especially 
those with large seeds. 

2. Quality of Seed. 

It is of paramount importance to use only good seed. The 
quality of the seed depends principally on its being perfectly 
ripe and on its weight, size, age and origin. 

a. Weight and Size. 

In the ease of one and the same species, large heavy seeds 
are better than small light ones. The former generally 
possess a greater germinating power, and the resulting 
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seedlings show a greater power of resistance against external 
injurious influences, and a more vigorous development, which 
in many species is due to the greater quantity of reserve 
materials deposited in the seed. This superiority at the first 
start should not be under-estimated, because it is recognisable 
long after the seedling stage has been passed. In many cases 
the dominating trees grow out of the seedlings which had 
the best start. 

The actual weight of good seed varies ac(Jording to locality. 
The following figures are given as examples ; they represent 
averages for clean seeds without wings calculated from the 
best available data:— - 


JMunibcrofSooas 


Sweet chestnut 

100 

Oak, pedunculate 

130 

Oak, sessile .... 

IGO 

Beech 

2,000 

Maple (sycamore) 

5,000 

Ash 

0,500 

Lime, broad-leaved . 

5,000 

Lime, small-leaved . 

. 12,000 

Hornbeam .... 

. 15,000 

Common elm .... 

. 00,000 

Common aider .... 

. 260,000 

Birch ..... 

. 800,000 

Eobinia 

. 20,000 

Silver fir 

8,000 

Austrian pine .... 

. 28,000 

Weymouth pine 

. 23,000 

Corsican pine .... 

. 82,000 

Douglas fir ... . 

. 40,000 

Common spruce 

. 60,000 

Sitka spruce .... 

. 180,000 

Larch 

. 70,000 

Scotch pine .... 

. 76,000 
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6. Age. 

The germinating power of seed is greatest immediately 
after ripening ; it can be maintained for a shorter or longer 
period according to species and treatment. It follows that the 
sooner seed is sown after ripening the better. This becomes 
absolutely necessary in the case of elm seed, as it only keeps 
for a very short time. The seeds of birch, alder, silver fir, | 
sweet chestnut, beech and oak may be kept until the following ; 
spring, but seeds of these species more than six months old ^ 
should not be used. In the case of lime, hornbeam, maples, 
ash, larch, spruce and Scotch pine, seed up to two years old 
may be used; if older it should be rejected. 

When seed is stored, it must be protected against moisture 
and heating by keeping it in an airy locality and turning it 
over from time to time. 

c. Source. 

The source, whence seed has been obtained, is of importance. 
Although trees of all ages can yield excellent seed, as a general 
rule it may be said that the best seed is derived from trees 
which are in the prime of life, namely healthy trees 'vyith a 
full crown, which have just completed their principal height 
growth. At the same time, soil and climate, and especially the 
latter, are of greater importance than the age of the trees. 

The question has been raised, whether it may be advan- 
tageous to obtain from time to time seed from another 
locality, as is done in agriculture. This may become desirable, 
when the trees are affected by disease or by peculiarities which 
are transmitted through seed ; apart from such cases, it is 
probably betteiLn^^ the seed. Trees live for a long 

space of time, and they accommodate themselves to a locality, 
so that home grown seed is likely to do best. 

Of late years, a heated controversy has been carried on over 
the question of heredity, in so far as it influences the shape 
of the tree ; more particularly, whether the tendency to grow 
straight or crooked is inherited through the seed. It has, for 
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instance, been maintained in the case of Scotch pine that 
seed taken from straifilit trees will again produce straight 
trees, and rice rrrxd. On the strength of this hypothesis, it is 
claimed that the seed should he obtained from localities 
where the majority of trees grow straight. Others maintain 
that the question of straight or ci'ookod growth is decided by 
local conditions, especially the climate. As the question is 
still fi)th jiulicr, it is not pro[H)S(!d to d(*al further with it in 
this place. 


(I. '/’(’kI i H(l 

The (piality of seeds can he Judged by their external and 
internal appearanta!. flood seeds 111 I ni) the outer coat, are 
of a good rich colour, possess a, h(!a,ithy smell, and look fresh 
in the interior when cut ojam. Tlu! pei-centago of good seed 
can, in the case of heavy seeds siudi as acorns, swtajt chestnuts, 
Jand beech nuts, he Judged by putting them into water, when 
(those properly developed will sink, while the had and inferior 
mnes will float on tlie surface. 

When accurate information is rei(ulred, regiihir germinating 
tests must be applied. The, so consist in HuhJ(!cting a certain 
number of seeds, usually 1,00, to (umditions which secure 
quick germination, uanmly a stoiidy degree of moisture, a 
temperature of (iO — 70 (higiTMis Fahr., and free admission of 
air. Any nrrangfiment wliich seciirtis these conditions will do; 
as instanccis the following may ho numtioned : • 

Till' Pot /.(’«/.— -Fill a shallow, porous flower pot with loose 
earth, place the seeds on llie earth, cover them with some 
moss, maintain an oven lomperature, and water periodically, 
or bettor still, jdaeo the pot inside another containing water. 
The seeds should be removed as they germinate, keeping an 
account of them day by day. 

The Flannel test . — Flaco the seeds between two pieces of 
flannel, or filtering paper, maintain an oven temperature, and 
water steadily either by a spray or by connecting the flannel 
with a dish of water. 
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Of late years, a considerable variety of germinating dishes 
have been invented, but it is doubtful whether any of them 
surpass the more primitive tests described above, especially 
the flannel and filtering paper tests. 

The percentage of seeds fit to germinate differs much, not 
only according to species, but also in different samples of 
seed of the same species. Seed may be considered good 


a carefully conducted germinating 

test 

gives the following 

percentage of germinable seeds : — 



Spruce 

. 

. 75 per cent. 

Austrian pine 

1 


Scotch pine .... 

1 

r 

■ 70 „ „ 

Corsican pine 

J 


Hornbeam .... 

1 


Oak 

1 

r 

. 65 per cent. 

Beech 

J 


Sweet chestnut 


• 60 „ „ 

Ash 



Sitka spruce .... 

1 

• 55 „ „ 

Maple (sycamore and Norway) 

] 


Weymouth pine . 



Eobinia .... 

1 


Lime 

r 

1 

. 50 ,, ,, 

Douglas fir , 

J 


Silver fir ... . 


. 40 „ „ 

Larch, Tyrolese and Japanese 


• 35 „ „ 

Elm (common and mountain) 

1 


Alder, common 

j 

' ,, ,, 

Birch 

. 

. 20 „ „ 


3. Quantity of Seed. 

The density of a forest crop should be sufficient, on the one 
hand, to give a proper shelter to the soil, and on the other, 
to provide for each tree that growing space which is best 
suited for its proper development. The first object will be 
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obtained by thick sowinj^, but in that case the development of 
the trees would soon be interfor(!d with : hence, a mean must 
j be struck ; in other words, the d(‘n.sity of the young crop should 
' be such that a fair cover overhead wili ho established within 
5 — 10 years after sowing. This consideration governs the 
(quantity of seed to be sown per unit of ai-oa. The actual 
guantity depends on the (puility of the seed, th'e nature 
of the soil, th(! mode of growth of the spoiues, and the 
dangers to which the sor'd and the young seedlings are 
exposed. Of those, the (piality of the seed has already been 
dealt with. 

The, i^oil. — Almost any soil can nourish a full crop of seed- 
lings, so that the chemical composition of a soil becomes of 
importance only after the young crop has closed up and the 
struggle for existence coinmemusl. Of far greater importance, 
during germination ami the early stage of life, are a proper 
degree of moisture, heat and porosity. A rlry, loose, stony 
soil, and again a hard, cold soil nupiires morti Sfsod than a 
' fresh soil of middling porosity. 

TJu' Mode, of (irou'th.— ln the case of spocie.s which are of 
quick growth during youth less scied is nupiired, than for 
others which grow slowly at first and do not close uji for some 
time. 

.Kxtermd Dantjm. — The seeds are liable to he oaten by 
animals. Amongst these, liirds are most injtiriouK. To 
protect small seeds agahiijt- .birds, tliey may bo coated with 
r ed loa d. Mice may bo caught in traps or poisoned. The 
young seedlings ai'o subject to injury by animals, fungi, the 
effects of climate such as frost, drought, excess of moisture, 
and they are liable to bo choked by weeds. The quantity of 
seed to be sown is governed by the extent to which such 
injuries may be expected to take place in any given * 

locality. , fl 

Although it is, therefore, impossible to give the actual via 
quantity of seed required in any particular case, the following J 
figures may be taken as illustrating, under average conditions, 
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the necessary quantities in the case of broadcast sowing, the 
seed being of good quality and clean : — 


Quantity of Seed in 
Pounds per Acre. 


Oak 

550 

Beech . 

150 

Hornbeam ) 

35 

Ash . J ’ 


Maple . ] 

80 

Birch . ) 


Elm 

25 

Alder 

15 

Silver fir . 

40 

Larch 

14 

Spruce . 

10 

Scotch pine 

6 

. the case of partial 

sowing, the quantity of seed 


proportionately smaller ; thus for 
Sowing in strips, furrows, 

or trenches about 65 — 70% of broadcast sowing. 

„ „ patches . . 50 

„ „ pits or holes . 25 — 35 „ ,, ,, 

4. Conditions of Geemination. 

The process of germination is as follows : — 

(1.) Swelling of the seeds. 

(2.) Chemical change of the nourishing substances 
deposited in the seed. 

(3.) Development of the embryo. 

The swelling of the seed is due to the absorption of water. 
If then a sufficient amount of heat and oxygen are available, 
the reserve materials are changed into soluble substances fit 
for the formation of new cells ; growth then sets in, which 
causes an enlargement of the embryo followed by the bursting 
of the shell of the seed and the protrusion of the rootlet. 
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The conditions for Uio 8ucces.sful germination of forest 
seeds are thus : — 

(1.) A constant l)ut moderate supply of water. 

(2.) A temperature noi lower than 45", hut better from 
55-75" Fahr. 

(3.) Admission of air, whence the oxygen is derived. 

The presence or absence of light is of no importance. 

These conditions can easily bo provided in the case of 
small experiments, but in operations conducted on a large 
scale they can only to a certain exhmt Ikj secured by a 
suitable condition of the gerniinating bed, by sowing at the 
most suitable time of year, and by the. manner of covering the 
seed. 


a. The (ieriniiKitUKj lied. 

A suitable condition of the. germinating bed is of prime 
importance; it is s(icur(Hl by working or loos(!niug the soil, in 
some instances by draining or irrigating, and in exceptional 
cases by manuring. 

Loose.ning tins soil secures tho following advantages : — 

(1.) It enables the roots to spread more readily, and 
to penetrate dficper into ih<! ground, thus rendering 
the young plant more indepemhmt of variations of 
moisture in tins surface soil. 

(2.) It effects a mixture of the different layers of the soil, 
thus rendering tlio nourishing suhstances more readily 
available and causing greater activity in chemical 
changes. 

(3.) It freely admits air and heat. 

(4.) It exercises a favourable (jffect u}>on the degree of 
moisture in the soil. Itain water penetrates more 
readily and to a greater depth, while subsequently, during 
dry weather, it rises again by capillary attraction. 

On the other hand, the following drawbacks must be 
mentioned : — 

(1.) On steep slopes loosening the soil may be followed by 
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denudation, as rain water can more easily carry it 
away. 

(2.) Frost lifting is more likely to occur. 

(3.) It may attract injurious insects, such as the cock- 
chafer, the larvffl of which are very destructive in 
gnawing the roots. 

The degree of loosening, and the depth to which it may 
reach, depend on the original condition of the soil. Hard or 
wet soil requires more, naturally loose soil less or no working. 

In some cases, the actual process of loosening the soil must 
be preceded by the removal of an obstructive surface covering, 
such as woody shrubs, weeds, grass, moss, ferns, heather, 
raw humus, etc. ; in other cases this is not necessary. The 
loosening itself can be done in a variety of ways : by means 
of tools, such as the plough, harrow, rake, hoe, or sjiade ; by 
allowing it to be broken uji by swine ; or by a temporary 
cultivation of field crops. Whether the one or other is prefer- 
able, depends on the method of sowing and the cost of the 
operation. 

Too much moisture may prevent or retard germination, 
may obstruct aeration of the soil, or render it cold and cause 
the seed to rot. , These inconveniences can be prevented, either 
by a better distribution of the water, or by draining. The 
latter plan should be restricted to cases where the moisture is 
really excessive, and where no injurious effect upon adjoining 
areas is likely to be produced. In forestry, it is better to 
drain too little than too much; in many eases, the 
forester will do well to be satisfied with a species which 
will grow in moist or wet soil, rather than endanger the 
proper development of valuable crops growing on adjoining 
lands. 

Irrigation may become necessary where the soil is ex- 
cessively dry. It is an expensive operation, and the outlay 
will be recouped only in special cases. 

Manuring rarely occurs, except in nurseries, because it is 
too expensive compared with the increase in the returns 
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which it is likely to secure. However, the question has 
received more attention of late years. 

b. Time of Sotriiiti. 

' Nature sows in autumn in the case of most siiecies growing 
in tem2)eratts liuropo, in souk; cases in summer, and in others 
in winter or spring ; henwi, no ahsoluto guide can he given as 
to the best time for sowing. Of the naturally sown seed, a 
large portion, while l.ying over winter, is eahni by animals, or 
perishes through adverse influonc(!S of the w'cather, so that 
only a small jjortion actually germinatcB in spring. In 
artilicial sowing, tho seed must bo carefully husbanded ; hence, 
sowing should bo done at the most favourable season for 
germination, namely when the soil is Buih<dently moist and 
when Hullicient heat is available. The best time for sowingin 
temperate Murope is during April and May, according to the 
local climate. 

Tho above rule is Huhj(ict to ex<!eptions, bticause some seeds 
will keep in good condition only for a V(iry short period, or 
their preservation involves much trouble and expense. The 
seed of the elm ripens, on an average, at the end of May or 
in tho early part of June, and loses its germinating power 
very rapidly ,* heiunj, it should ho sown at once. Birch seed 
also should bo sown us soon as it ripens, aliout the beginning 
of August. The seed of silvisr lir ripens in autumn, and, as it 
does not keep well, it should ho sown at once, and not kept 
till spring. Many foresters i)refor sowing heavy seeds, like 
those of oak, hooch and sweet tdiestmit, in autumn, because 
they are bulky, and it is expensive to keep them in good 
condition ov(sr winter. At the saiuo time, these heavy seeds 
are much exposed to attacks by animals during winter, and, 
as autumnal sowings germinate early in spring, the seedlings 
are exposed to late frosts ; lienee, sowing them in autumn may 
bo of doubtful expediency. 

In some cases, autumn sowings are indicated in localities 
•which are not accessible until late in spring, such as high 
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altitudes where snow does not disappear before June. Again, 
alder seed is frequently sown in winter, immediately after 
harvesting, as it is difficult to keep until spring. 

To sum up, it may be said that, in temperate Europe, spring 
sowing should be the rule, but that certain species and certain 
local conditions demand exceptional treatment. 

In other parts of the world, under different climatic con- 
ditions, the best time for sowing also varies according to 
circumstances. In the Indian plains and low hills, the 
general rule is to sow at the commencement of the summer 
rains, because the seeds will then be assured of a sufficient 
supply of moisture, and the seedlings will have time to 
establish themselves thoroughly in the ground, before the 
next dry season comes round. Sowings on irrigated lands 
can be made at other seasons. The seed of some Indian 
species does not keep, and indeed the seed of Sal (Shorea 
robusta) often germinates before it falls, and must therefore 
be sown as soon as it ripens. In those regions of the 
Himalayas where snow may lie until late in the spring, both 
autumn and spring sowings are made, there being perhaps no 
decided balance in favour of the one or the other season. 

c. Covering the Seed, 

The objects of covering the seed are chiefly the following : — 

(1.) To protect it against sudden changes of moisture and 
temperature. 

(2.) To protect it against being eaten by animals, especially 
birds, or being carried away by wind or water. 

In natural woods, large quantities of seed fall to the ground ; 
some of it is carried by rain water through the vegetable 
covering down to the mineral soil, thus finding conditions 
favourable for germination. In artificial sowings, the 
necessary protection is afforded by covering it with earth 
to a certain depth. 

The thickness of the covering is of considerable import- 
ance , if too thin, the seed is exposed to attacks by animals, 
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is liable to dry up or to be injured by frost; if too thick 
germination is retarded, the seedlings have great difficulty 
in pushing through the covering, and germination may 
altogether fail for want of sufficient air. The actual thick- 
ness depends on the general condition of the seed bed and 
the species. It must be thicker in the case of loose or 
dry soil, and thinner in firm or wet soil. 

The seed of different species requires a different covering. 
On the whole, large seeds, such as acorns and chestnuts, 
require the thickest covering ; considei-ahly loss, the seeds of 
beech, maple, hornbeam, silver fir : less again, those of alder, 
ash, Kcotch pine, spruce, and landi; least, those of elm and 
birch. 

On loamy sand the best results are likely to l)e obtained 
with coverings of the following thickness ; — 

Oak ..... I'.qO — 2 inches. 

Beech •75--1-25 „ 

Sycamore and silver fir . -fiO-— I'OO „ 

Scotch pine, spruce and larch . -ffO ,, 

Common alder . . . -40 ,, 

Elm -12 

1 ) 

The seed can be covered in various ways, by ploughing 
(in the case of acorns), harrowing, raking, light hoeing, or by 
scattering fine earth over it. Some small seeds, such as that 
of FicHH duHtka, need not bo covered at all. 


<1. Fproutimj <>/ the Heed. 

During germination, the rootlet is first developed, and then 
the stem ; as soon as the latter breaks through the surface of 
the soil, the seed is said to sprout, A few hluropean species, 
I such as oak, sweet chestnut and hafjol, leave their cotyledons 
‘below the surface, but the majority bring them above ground. 

The interval of time between the sowing and sprouting 
depends on the species, the age of the seed, and the conditions 
of germination. 

^•jicdcg . — Good seed sown in spring, under average con- 
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ditions, may be expected to sprout after a lapse of time 
ranging from a week up to two and even three years. The 
following data may be taken as illustrations : — 

Poplars and willows . . after about 1 — 2 weeks. 

Elm and birch . . . „ „ 2 — 3 „ 

Scotch pine, black pine, 

Weymouth pine, and larch „ ,, 8 — 4 „ 

Spruce, silver fir . . . „ „ 8 — 6 „ 

Oak, beech, maple, and alder . ,, „ 4 — 6 ,, 

Ash, lime, hornbeam, and Cembran pine generally after 
one year, yew after one and often two and even three years. 

Age of Seech — Eresh seed always germinates quicker than 
old, the latter sometimes not until the second year. 

The time of sprouting depends much on the conditions to 
which the seed is subject ; a heavy covering retards germina- 
tion; warm soil and sufficient moisture produce quicker 
sprouting than cold soil or drought. 

Seeds are sometimes specially treated with the object of ac- 
celerating the sprouting. Amongst the various methods which 
have been recommended, the following may be mentioned: 
soaking in water, ranging from an hour to a week ; treatment 
with lime water or highly diluted hydrochloric acid ; steaming ; 
soaking in liquid manure. Apart from the first mentioned, 
great care is required in applying the various treatments, else 
the seeds may be injured. In the case of large seeds, like 
those of teak, collecting them in a heap and Iceeping them 
continuously moist may considerably accelerate germination. 
Seeds, which germinate only in the second year, may be 
bedded in sand in a ditch or pit, and sown in the second 
spring. 


B. Methods of Sowing. 

In the course of time, a great variety of methods of sowing 
have been elaborated. It would be beyond the scope of this 
book to describe them all in detail ; moreover, they can only 
be fully understood by studying them in the field. Hence, 

M 2 
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is liable to dry up or to be injured by frost; if too thick, 
germination is retarded, the seedlings have great difficulty 
in pushing through the covering, and germination may 
altogether fail for -want of sufficient air. The actual thick- 
ness depends on the general condition of the seed bed and 
the species. It must be thicker in the case of loose or 
dry soil, and thinner in firm or wet soil. 

The seed of different species requires a different covering. 
On the whole, large seeds, such as acorns and chestnuts, 
require the thickest covering ; considerably less, the seeds of 
beech, maple, hornbeam, silver fir : less again, those of alder, 
ash, Scotch pine, spruce, and larch ; least, those of elm and 
birch. 

On loamy sand the best results are likely to be obtained 
with coverings of the following thickness : — 

Oak .... 

Beech .... 

Sycamore and silver fir 
Scotch pine, spruce and larch 
Common alder 
Elm .... 

The seed can be covered in various ways, by ploughing 
(in the case of acorns), harrowing, raking, light hoeing, or by 
scattering fine earth over it. Some small seeds, such as that 
of Ficus elastica, need not be covered at all. 


1*50 — 2 inches. 
•75—1-25 „ 
•60— 1-00 „ 
•50 
•40 
•12 


d. SproiUiiiff of the Seed. 

During germination, the rootlet is first developed, and then 
the stem ; as soon as the latter breaks through the surface of 
the soil, the seed is said to sprout. A few European species, 
I such as oak, sweet chestnut and hazel, leave their cotyledons 
'below the surface, but the majority bring them above ground. 

The interval of time between the sowing and sprouting 
depends on the species, the age of the seed, and the conditions 
of germination. 

Species . — Good seed sown in spiing, under average con- 
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ditions, may be expected to sprout after a lapse of tinui 
ranging from a week up to two and even threo yoars. The 
following data may be taken as illustrations : — 


Poplars and willows 

after about 1--2 wc.'nks. 

Elm and birch 


>> 

2-~ „ 

Scotch pine, black pine, 

Weymouth pine, and larch 

>> 


d— 1 „ 

Spruce, silver fir . . . 

>> 



Oak, beech, maple, and alder . 

n 

fj 


Ash, lime, hornbeam, and Cembran 

pine 

generally afhsr 


one year, yew after one and often two and evon throe yours. 

Age of Seed . — Fresh seed always genainatos (luickor than 
old, the latter sometimes not until the second year. 

The time of sprouting depends much on the conditions to 
which the seed is subject; a heavy covering rotaj'ds gorinina- 
tion; warm soil and sufficient moisture produce (luicdu-r 
sprouting than cold soil or drought. 

Seeds are sometimes specially treated with the oltjead of ac- 
celerating the sprouting. Amongst the various methods which 
have been recommended, the following may he nuintiomui : 
soaking in water, ranging from an hour to a week ; troatuuint 
with lime water or highly diluted hydrochloric acid ; Htoaming ; 
soaking in liquid manure. Apart from the first mentiomid, 
great care is required in applying the various treatmtuits, else 
the seeds may be injured. In the case of large Hotids, like 
those of teak, collecting them in a heap and keeping tliom 
continuously moist may considerably accelerato gormiiiatioii. 
Seeds, which germinate only in the second year, may ho 

bedded in sand in a ditch or pit, and sown in tlio nmd 
spring. 


B. Methods of Sowing, 

In the course of time, a great variety of methods of sowing 
ave been elaborated. It would be beyond the scope of this 
book to describe them all in detail; moreover, they can only 
be fully understood by studying them in the field. Honco, 
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only the more important methods will here be mentioned. 
Sowings may be divided into : — 

(1.) Broadcast sowing. 

(2 ) Partial sowing. 

1. Broadcast Sowing. 

If the seed be distributed evenly over the whole area to be 
stocked, the method is called broadcast sowing. 

a. Preparation of the Soil, 

In some cases broadcast sowings are made without previous 
or subsequent cultivation, but they are liable to lead to dis- 
appointment, unless executed under specially favourable cir- 
cumstances. The soil must be naturally free and capable 
of retaining moisture near the surface ; the seed must 
germinate readily and be sown in large quantities; the 
locality must be free from climatic extremes, and the surface 
of the ground not very steep, or the seed may be washed 
away ; the seedlings must be hardy. Such a combination 
of conditions is only exceptionally met with. 

As a general rule, the soil requires some cultivation before 
the seed is sown. This can sometimes be done at once ; in 
other cases it must be preceded by the removal of an objection- 
able covering. 

Removal of Surface Covering , — This may consist of shrubs, 
weeds, reeds, or excessive layers of moss and leaf mould. It 
may be removed, according to circumstances, with billhooks, 
knives, scythes, rakes, hoes, or by hand. The refuse may be 
used for litter or other purposes, or it may be burned when 
dry, the ashes being scattered over the area. If the covering 
is sufficiently dry, the area may be burned over without 
previously collecting the material, care being taken that the 
fire does not spread into adjoining woods. 

In the case of a short weed growth, or a moderate layer 
of moss or raw humus, it need not be previously removed, 
but may be dealt with simultaneously with the loosening of 
the soil. 
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Cultivation, or Loosening the Soil . — This can ho (iono in a 
variety of ways, according to the required deiith of cultivation. 
The tools used are principally the following : — 

For superficial loosening or so-) The rake, harrow, or a 
called wounding of the soil . ) light hoe. 

For moderately deep cultivation . The hoe. 

For deep cultivation . . . The plough, or spado. 

Superficial loosening or leounding the sail is indicatcicl on 
localities which are already of a fairly loose consistoncy, and 
covered with a moderate amount of turf, moss, or leav<‘H. 

Hoe cultivation is in its place when the soil is Koinowhat 
heavier, uneven, stony, or where the roots of a proviouH <‘rop 
of trees are still in the ground. 

The use of the plough is restricted to fairly level areas, (uan- 
paratively free from stones, stumps, or lag roots. A than pis 
have been made to introduce ploughs of specially strong 
structure for the cultivation of stony soils or for hreaking up’ 
soil containing roots; their application is, however, limited. 
By way of illustration, a plough constructed by Dr. Weber is 
given on page 166. It works the soil to a depth of 12 inches, 
and is automatically lifted over roots, stones, etc. 

Spades are the best of all instruments for cultivation, but 
work performed with them is too expensive for ordinary forest 
operations; hence their use is generally restricted to mir- 

series, for trenching areas with an impermeable substratum, 
or for planting. 

to the case ot light and middUng soila, tl,,, loow,„i„g 

HeL .„1r “"■"e 

w hnmuB, heather, broken up impermeable layora, wowiv 
more .upira” ‘Irtg “ 
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Many and various are the forms of the several tools which 
have from time to time been recommended for use in the 
preparation of the soil. Of these, a considerable number are 
of doubtful utility. As a general rule, the ordinary labourer 
gets through more and better work by using the tools with 
which he is acquainted, than by substituting even an improved 
form of tool, the use of which h.e has first to learn. Moreover, 
he will take greater care of his own tools than of those 
provided for him. 

Under these circumstances, the introduction of novel tools 
can only be recommended when their use really secures a 
considerable saving of labour. 

Some of the better forms of the principal tools here in 
question are represented on page 167. The following few 
remarks will explain their use: — 

Fig. 80 represents a scythe with a short strong blade, used 
for cutting heather, broom, etc. 

„ 31, a hoe used for the removal of ordinary weeds, 
grass, etc. 

„ 82, a three-pronged hoe, used for wounding the soil. 

„ 33, a narrow light hoe, used for superficial hoeing in 
light soils. 

„ 84, a broad hoe, used for clod hoeing. 

„ 35, a light hoe with a hatchet on the reverse (or a 
miniature mattock), used for hoeing in soil which 
contains roots from a former crop. 

„ 36, a two-pronged hoe, used for light hoeing or 
wounding the soil. 

,, 37, a simple pick, used in working stony or gravelly soil. 

,, 38, a strong hoe, used on soils with roots, or on stony 
ground. 

„ 89, a pickaxe, being a combination of figs. 37 and 38. 

„ 40, an Irish spade. 

„ 41, a Scotch planting spade. 

„ 42, a light planting spade. 

„ 43, a four-pronged digging fork. 



direct sowing: broadcast. 
h. Sowing. 

Seed may be sown by band or by macliines. Tho latter 
can be used only on fairly level ground, with a Iooho soil free 
from stones and roots ; they frequently cover the KW'd at the 
same time. In the majority of cases, the sowing wilt hav(! 
be done by hand. The essential point is to distribute the 
seed as evenly as possible; hence, it is desirable to divide 
large areas into smaller sections, and to allot a proportiunat*! 
quantity of seed to each. The sowing of Biuall seeds is done 
as in the case of ordinary grain sowing. A good ]dan, in the 
case of level or moderately sloping ground, is to sow cross- 
wise; that is to say, to divide the seed into two parts, to sow 
one half in one direction, and the other half at right angles 
over it. This plan can, however, not bo adopted on stectp 
ground. Light seed should not be sown during windy 
weather, as it would be unevenly distributed. 

Where seeds of two species are to be sown, they should 
be thoroughly mixed before sowing ; if they differ in sir.e or 
weight, it is best to sow them separately, or one cross-wise 
over the other. 

Heavy seed may be placed in plough furrows, or singly 
brought into the ground^ 

c. Covering the Seed. 

The method of covering the seed depends on the mode 
of working the soil and the size of the seed. In the casts of 
shallow working and light seeds, the harrow and rakts are 
the most useful tools to use ; in some eases it may sullicti 
to drive a flock of sheep over the area, which will press the 
seed into the soil by trampling on it. Where heavy seeds 
are to be covered on level ground, the operation may be done 
by light ploughing, or with the rake or hoe- 

d. General Bemarhs. 

Broadcast sowing is generally expensive, owing to the 
cultivation of the soil, and because it requires a large quantity 
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of seed; hence, it should be restricted to localities which 
require little or no cultivation, or where a raw soil and a 
strong growth of shrubs and weeds necessitate under any 
circumstances a thorough cultivation, before success can be 
expected. In some cases, the operation may be combined with 
the raising of one or more field crops, thus recouping the 
cost of cultivation. 

2. Partial Sowino, 

With a view to reducing the cost of cultivation and the 
quantity of seed, the sowing may be restricted to a portion of 
the area to be stocked. The method may become necessary 
in the case of localities which contain rocks, stumps of trees, 
or which are too wet for full working and sowing. In either 
case, it is desirable that the portions to be sown should be 
distributed as evenly as possible over the whole area ; they 
can be arranged in a variety of ways, of which the following 
may be mentioned : — 

a. Sowing in strips and furrows. 

„ ,, patches. 

c, „ „ holes. 

d, „ „ trenches, or pits. 

e, „ on ridges, or mounds. 

/. Combinations of two or more methods. 

a. Sowing in Strips or Fiirrows, 

The seed bed generally consists of strips which alternate 
with unsown strips or bands (Fig. 44). Where rocks or other 
obstacles are met with, the strips will be interrupted ; the 
same may occur on sloping or uneven ground. The strips 
should, as far as practicable, run parallel to each other. On 
sloping ground, they should follow the contour lines of the 
locality and be level, or nearly so, to prevent denudation. On 
very steep slopes, the seed beds may form terraces. 

The width of the sown strips depends principally on the 
degree to which the unsown strips are likely to be overrun by 
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weeds, brambles, etc., and on the rate of hoiglit growth of tho 
species during early youth: the greater the former and tlm 
slower the latter, the broader should be the sown sl-ripH. 
Generally, the width would range between 18 inelies am! 5 

The distance between the strips depends on similar ron^ 
siderations. In addition, the desired density of the wood 
has to be considered. The distance would ordinarily range 
between 3 and 6 feet. 

The cultivation of the soil is generally done \viih ihv htm 


h h h h b h h 



Fig. 44. 

a, a. Sown strips. Unsown nrouH. 


or plough; the sowing is Ust done by hand, a inothod which 
various machines have not yet succeeded in Hiipdi-midiiig. 
ihe seed should be covered up with raheK or harrows, uiitl 
m the case of heavy seeds sometimes with the plough. 

Apart from a reduction of expenditure, strip sowing 1ms 
other advantages over broadcast sowing ; the soil can, with- 
out incurring an excessive expenditure, be more earefullv 
pr^ared and the seedlings more effectually protecto.l. 

When each strip consists of one or perhaps two furrows 
drawn with a plough, the method is called mwmi in fumnvH • 

sown m the tao* end covered, either b, dr»*ta„ „ 
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furrow, or with the rake or hoe. It admits of a further 
reduction of expenditure as compared with ordinary strips. 

h. Soloing in Patches. 

The seed beds consist of round, oblong, square or rectan- 
gular patches of limited 
extent, scattered as 
evenly as practicable 
over the area. The ex- 
tent of the patches 
varies according to cir- 
cumstances ; they may 
be of any size, but are 
mostly from 1 to 3 feet 
square, or they assume 
the shape of interrupted 
strips, which are from 
1 to 2 feet broad and 
perhaps from 8 to 10 
feet long. The distance 
between the patches de- 
pends on the same con- 
siderations as in the case 
of strip sowing. 

The method is cheaper 
than the regular strip 
sowing ; it enables the 
forester, on uneven or 
rocky soil, to select the 
most suitable spots for 
the seed beds, a matter 
of greater moment than a mathematically even distribution 
of the patches. 

The working of the soil is best done with the hoe ; 
on stony soil, hoes with narrow and very strong blades 
are used, or even the pick may be required. The seed 



Fig. 46. 

a, a. Sown patches. 
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is covered with the rake or by hand, or by scattorin/' carlli 
over it. 

The method is well adapted for rocky soils, and localitiss 
which still contain the stumps and roots of a fornun' crop of 
trees. It is less to be recommended for wet soil, as Iho water 
is likely to collect on the sown patches ; this would, on the 
other hand, be an advantage in localities witli a scanty rain- 
fall. Where a strong growth of tall weeds is apprcluoulod, 
the patches must be of sufficient size 
to prevent the plants from being over- 
grown. 

c. Sowing in Holes, and Dibbling. 

Sowing in holes means sowing in 
patches of such limited extent that only 
a few seeds are sown in each. The soil 
may be worked with an ordinary hoe of 
small size, with a spade, or with specially 
constructed modifications of the latter, 
such as the spiral spade (Fig. 46). On 
stony soil, the pick may be used. The 
spiral spade is forced into the ground 
and then turned round, so that a seed 
hole filled with loose soil is produced. 

The seed is either pressed into the soil to the reepurod depth, 
or placed on the surface and covered by hand with a sufficiont 
quantity of fine earth, which is gently pressed down. 

If the seed bed is still smaller and consists siniply of ^ 
narrow hole sufficient to take one or two seeds, which are 

ITa r!, of the soil, the method is 

ailed dibbling. The minute holes are made with a peg 

ibbling mallet dibbling spade, or any other suitable Loh’ 

depth, withdrawn, the seed placed in the opening thus nro 

IT' “•■■er by ol o , „“o 

blows with the instament, by press™ with the tit Z 
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some eases, the operation may be done without any instru- 
ment at all, by removing a small quantity of the surface soil 
with the foot, inserting the seed, replacing the previously 
removed earth, and pressing it down. 

The method is only admissible on soils which are not 
subject to a heavy growth of weeds, which would probably 
smother the young seedlings ; moderately sized stones or 
gravel do not interfere with the adoption of the method. 

d. Solving in Trenches^ and Pits. 

In the methods so far described, the seed bed is situated 
on the same level as the surrounding ground. In the case of 



Fig. 47. 

a. Soil taken out of the trench. h. Trench filled with water. 

e. Seed bed. 

trench and pit sowing, it is placed below the ordinary surface 
of the ground, at the bottom of a trench or pit, in which 
water may collect. The general arrangement of the trenches 
or pits is the same as in the case of strips or patches 
respectively. Trenches must be level, to prevent their be- 
coming water channels. For the same reason, they should 
be interrupted here and there. 

The width of the trenches will, as a rule, not exceed two 
feet at the bottom ; the depth depends on the requisite 
amount of water. The distance between the ditches or pits 
depends on the same considerations as in strip and patch 
sowings. 

The trenches may be made with the spade, hoe, or pick, 
or partly with the plough and the rest with those tools. The 
surface soil is kept apart and placed at the bottom of the 
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trench to serve as a seed bed, or better still, it is at once 
placed into the previously made trench. 

The seed is sown by hand and covered either by hand or 
with a rake. Where the trenches can be filled artificially 
with water, or irrigated, the seed is frequently sown on the 
upper edge of the ditch (Fig. 47), so that it receives sufficient 
moisture by percolation, without being destroyed by an excess 
of water. Where irrigation water is not available, and the 
rainfall variable, seed may be sown both at the bottom of 
the ditch and along one of the ujiper edges. In the case of a 
scanty rainfall, the former will succeed, and in case of a wot 
year, the latter. 

The method is indicated in dry hot localities, and where 
irrigation is practicable. As it is expensive, it should be 
adopted only in cases where a cheaper method is not likely to 
yield satisfactory results. The pit method is choajHir than 
trench sowing, but it frequently yields less favourable results, 
and is not applicable where irrigation is contemplated. 


e. Solving on Ridges and Mounds. 

This method is the reverse of the one described under d. 
It IS advisable in the case of wet or heavy soil, the object 
being to raise the seed bed above the water level, and to expose 
the soil to a more complete action of the air. Mounds arc 
interrupted ridges, just as patches are interrupted strips. 'I'ho 
ridges or mounds are formed, either by drawing together the 
surface soil, or better by excavations. In the ease of ridges 
the ditches run along either one or both sides; in the case of 
mounds, the earth may be taken from an excavation on one 
side, or from a trench surrounding the mound. 

Where a moderate elevation suffices, parallel ditches may 
be dug, and the excavated earth spread evenly over the inter*- 
mediate spaces, thus forming elevated platforms on which the 
seed IS sown. See Fig. 24 on page 148. 

The seed should be sown densely and not too early in spring, 
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SO as to allow a portion of the moisture to evaporate before 
sowing. The tools used are the same as for trench or pit 
sowings. 

The method is expensive and only indicated in exceptionally 
unfavourable localities. 

/. Comhinations, 

It happens not unfrequently that two or more of the 
different methods are combined in the same locality. Such 
combinations are indicated when the character of the locality 
changes from place to place ; if, for instance, dry spots alter- 
nate with swampy ground, the former may be sown on the 
natural level or in ditches, while the latter necessitates sowing 
on ridges. Where free soil alternates with stony or rocky 
parts, the former may be sown in strips, and the latter in 
patches or holes, etc. 

SECTION n.~PLANTING. 

By the term 'planting is understood in silviculture the 
method of forming a wood by means of plants which have 
been raised elsewhere. The success of the operation depends 
principally on the manner in which the plants are raised, and 
on the method of planting. The subject may be divided into 
the following four sub-sections : — 

A. Conditions of success. 

B. The raising of plants. 

C. The methods of planting. 

D. Planting of slips, layers, and suckers. 

A. The Conditions of Success, 

Under this heading, the following matters demand 
attention : — 

1. Choice of species. 

2. Different kinds of plants 

3. Quality of plants. 
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4. Age and size of plants. 

5. Season for planting. 

6. Density of planting. 

7. Distribution of plants over the area. 

8. Number of plants per unit of area. 

9. Lifting plants. 

10. Pruning. 

11. Protection in transit. 

12. Preparation of the soil. 

1. Choice op Species. 

Eeference is invited to what has been said in cliajjtor f., 
section I., p. 122. In addition, it remaiiiH to be men- 
tioned that planting is admissible in the case of all spocioH, 
and that it is specially adapted for those which are tender 
during early youth, and which cannot receive Bullicient atten- 
tion and protection in direct sowings on a large scale ; also to 
species the- seed of which is expensive, or exposed to dangers 
from animals. 


2. Different Kinds of Plants. 

The plants used in silviculture are of many kinds, according 
to external form, origin, age, etc. No general classilication is 
possible, since the various groups overlap each other. Kor 
practical purposes the following divisions will prove useful 

A distinction must, in the first place, be made between 
plants which have sprung directly from seed, and those which 
formed part of an already existing individual ,- hence the 
division into : — 

(1.) Seedling plants. 

(2.) Suckers, layers, or cuttings. 

All woody plants can be successfully raised from seed, but 
only certain species from suckers, layers, or cuttings. 

Booted plants are distinguished from plants without roots. 
ee mgs, suckers, root cuttings and layers, are rooted ; 

Si 
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cuttings taken from the stem or branches are without roots 
at starting, but they may become rooted by placing them in a 
nursery before putting them out in the forest. 

Complete or incomplete plants ; the former have their roots, 
stem and branches entire, while in the ease of the latter parts 
of the plants may have been pruned away. 

Seedlings or transplants. — The former are plants which are 
transferred direct from the seed bed to the forest ; the latter 
those which were previously pricked out, once or several 
times, in the nursery. 

Plants with halls, or lumps of earth in which the roots are 
embedded, or plants without balls. 

Plants may be classified, according to sisc, as small, middle 
sized, and large plants, but the limits of each class differ 
according to the kind of plant, as well as to locality and 
custom. 


3. Quality of Plants. 

The success of planting operations is governed by the 
quality of the plants which are used, just as the success of 
direct sowings depends on the quality of the seed. Hence, 
only healthy, vigorous plants should be used, which are 
likely to bear well the interruption of growth involved in 
the transfer from one locality to another, under circumstances 
admitting only of a limited amount of attention being paid to 
each plant. 

The vigour, or growing power, of a plant is indicated by a 
normal shape and a healthy appearance. The development 
of each part must be in due proportion to the rest ; the plant 
should be neither tall and thin, nor too short and stout ; nor 
should the stem be crooked, especially in the case of coni- 
ferous plants ; the root system should be ample, with a fully 
developed system of rootlets ; the crown should have a healthy 
green appearance, and possess numerous well developed buds. 
These are the general characteristics of good healthy plants. 
At the same time, they are subject to some modifications as 
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regards species, age, and the locality which it is proposed to 
plant. More especially, some caution is necessary in trans- 
ferring plants from a rich to a poor soil ; from a cool northern 
aspect to a hot southern one ; from a low to a high situation ; 
from a sheltered to an oj)en spot, etc. ; in other words, what 
is a good plant for one locality, may bo only an indifferent 
one for a locality of a different character. 

A further consideration is the shape of the root system. 
Plants with naturally extensive root systems either cost much 
to plant out, or the roots must be crowded together in an 
unnatural position, or they may have to be pnme<l, an opera- 
tion which is likely to lead to disease ; from this point of view, 
a compact root system may bo considei'ed as an essential point 
in a good plant, though it may not be altogether in propor- 
tion to the stem and crown. 

4. Age and Size of Plants. 

Plants aged from a few weeks up to ten and more years 
may be planted out ; in facit, the age is only limited by the 
size and weight of the trees, and the mechanical appliances 
available for the transfer. In silviculture, only young plants 
under ten years of age need bo considered. It may be said, 
as a goieral rule, that young plants are best, because the 
operation of planting is cheaper, the plants survive more 
easily the interruption of growth involved in the change, 
and they adapt themselves more readily to new conditions. 
The best age for planting out depends on the species and 
locality. Quick growing species can be planted out e-arlior 
than slow growing ones. Some tropical species grow so 
quickly that the most suitable age for transplanting may 
be only a few weeks. In the temperate climate of Europe, 
yearlings, with the exception of Scotch pine and oak, are 
only exceptionally planted out, as they are still too soft and 
have incomplete root systems. In the great majority of 
cases, plants from two to four years old are used, while older 
plants are indicated only in the case of a few species, or 

N 2 
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where trees of some height are required, as in pastures, in 
frost localities, for filling up blanks in already formed plan- 
tations, to become the overwood in coppice with standards, 
to enable one species to hold its own against another of 
quicker growth, for avenues, etc. 

5. Sb.ison FOR Plantino. 

The planting out is, after all, a violent operation, and is 
generally accompanied by more or less injury to the root 
system, with a temporary interruption of the growth. These 
disadvantages can, by special care, be reduced to a minimum, 
so that they affect the further development of tbe plant only 
to a limited extent. As long as the root system is completely 
embedded in a ball of earth, transplanting can be done at any 
time of the year, provided the soil is in a fit condition (neither 
frozen, nor too wet or dry). Again, plants, the roots of which 
are not embedded in a ball of earth, can similarly bo trans- 
planted with success, provided the operation is performed 
with care ; but as this involves extra expense, it is difficult to 
ensure success in the case of large operations ; hence, for 
silvicultural planting, the most favourable season should 
always be chosen. 

The most favourable season dil'fers according to spiicies and 
the character of the locality. In temperate Europe, summer 
should be avoided, because at that time the plant is in full 
assimilating activity and most sensitive to a change of con- 
ditions, especially to drought. There remains then the period 
f ^m a utumn to spring. Planting may be done at any time 
tliroughdut” that period, provided the weather bo sufiiciently 
favourable ; at the same time, mid-winter is generally the least 
favourable part of this period, as frost may bo expected, so 
that practically the choice lies between autumn and spring. 
Each of these two seasons has its advantages and drawbacks, 
and the question, whether the one or other is more favourable, 
has been much debated. 
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In the case of autumn plantiiipj, any rootlets, wliich have 
been injured during tlie opei’ation, may have been roplacuul l)y 
the ensuing spring, and the loosened earth scuttled down again 
during winter. On the other hand, the plants are likedy to 
suffer from severe frost in their now homo, or they may be 
lifted by alternate frost and thaw, or loosened by tlio action of 
wind. Autumn planting is preferable in the case of localities 
which are not accessible until late in spring, or of species 
which start early in spring. 

Spring planting has the advantages that the period of severe 
frost is past, and that vegetation ))egins shortly after planting. 
On the whole, it is preferable to autumn planting in the 
case of most conifers, provided the work can be completed 
before vegetation begins. In many cases, <mpecially wlum the 
operations are conducted on a large scale, both spring and 
autumn planting have to be done. 

Over the greater part of India, tlio most favourahlo season 
of the year is the commencement of the summer rains ; the 
plants receive sufficient moisture, and tliey have the whole 
growing season before them to settle down in tluur new home, 
and to get strong before the next dry season comes routuh 
Land which can be irrigated may be planted at any season, 
provided the soil is not frojaen. 

6. Density of PijANting. 

The general principles which govern the density of direct 
sowing apply also here ; that is to say, the cover overhead 
should be established within a period of from 5 to 10 years. 
As plants come on more regularly than seedlings grown on 
the spot, a smaller number per acre Buffices than that 
required in the case of sowing. For the rest, the planting 
distance depends on : — 

(a.) The locality, in so far as it influences the percentage 
of failures and the vigour of the plants. 

(b.) The species, especially its degree of hardiness and 
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rate of height growth in early youth. Quick growing 
species can be planted farther apart than slow growing 
species. Oak and Scotch pine must be planted dense, 
on account of their tendency to branch. 

(c.) The age and size of the plants ; young and small plants 
must be planted closer than old and large ones. 

(d.) The objects of the planting, whether timber or fire- 
wood is to be produced; whether pieces of large 
diameter or long boles are the objects of manage- 
ment; whether the wood is to serve as a protection 
against landslips, erosion, avalanches, hot or cold 
winds, etc. 

(e.) The state of the market ; where small produce is 
saleable at remunerative rates, dense planting is 
indicated ; under the opposite conditions wider planting 
is more profitable. 

(f.) The extent to which the growth of weeds threatens to 
outgrow the plants ; the greater that danger, the 
closer should be the planting. 

7. Disteibtjtion of Plants ovee the Akea. 

The distribution of the plants over the area to bo stocked 
can be either irregular or regular. The former is done by 
eye measure, that is to say, after the average distance between 
the plants has been fixed, the planting spots are selected by 
eye. This system requires practice. 

Eegular distribution is done according to geometrical 
figures, the more usual of which are the following : — 

(1.) The equilateral triangle, where the planting spots are 
at the three corners of the triangle (Pig. 48). 

(2.) The square, four plants being placed at the four 
corners of the square (Fig. 49). 

(3.) Equidistant lines or rows, in which case the plants 
stand at shorter intervals in the lines than the distance 
between the lines ; the plants may be said to occupy 
the corners of rectangles (Pig. 50). 




B’ig. 50. 


Fig. 51. 


(4.) The (juincunx form, a modification of the square form, 
as will be seen on reference to Fig. 51. 

A regular distribution of the plants has the following 
advantages over an irregular one : — 

(i.) An equal growing space is allotted to each plant. 

(ii.) The plants are subsequently easier to find and to 
protect against being overgrown; failures are easier 
ascertained. 
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(iii.) The area between the plants can he more fully utilised ; 
grass cutting can be allowed at an earlier stage ; field 
crops may be grown between the lines ; cattle grazing, 
where unavoidable, causes less damage, especially if 
the plants are arranged in lines. 

(iv.) In mixed woods, the several species can be more 
evenly mixed, and it is easier to maintain the desired 
mixture. 

(v.) Early thinnings are considerably facilitated. 

(vi.) The woods can be more easily protected against 
damage, especially by injurious insects. 

(vii.) It is claimed that regular plantings are cheaper to 
execute, because the work of distributing and putting 
in the plants proceeds in a more systematic manner. 
Whether this advantage is realised or not, depends on 
the skill of the labourers and the supervision exercised 
over the operations. 

Against these advantages it must be mentioned that air 
currents have more easy access to regular plantations, may 
sweep away the fallen leaves or heap them together, and dry 
up the soil more rapidly. This disadvantage can he met by 
planting shelter belts of trees with branches down to the 
ground against the prevailing wind, or, to some extent, by 
arranging the planting lines at right angles to the prevailing 
wind direction. It is also claimed that irregular planting 
is preferable from an aesthetic point of view. 

A completely regular distribution is not practicable, where 
the nature of the soil changes rapidly ; for instance, where 
wet swampy spots alternate with dry parts, or where rocks are 
scattered over the area ; nor is it necessary on small blanks 
scattered over already existing woods. 

The comparative merits of the three principal forms of 
regular distribution have been much discussed. The triangular 
form allots to each plant the most regular growing space, 
since every plant is equi-distant from its neighbours ; this 
favours an even development of the trees. It admits of a 
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greater number of plants per acre, and produces the greatest 
quantity of material ; the saplings also clear thoinsolves more 
readily of their lower branches. On the other hand, it is 
more troublesome to lay out and more expensive than the 
other forms. 

Line planting has the disadvantage that the cover overhead 
is somewhat later established, that the saplings develop 
stronger branches on two sides than in the direction of the 
lines, which may be accompanied by an eccentric shape of the 
stem. On the other hand, it admits of the most complete 
utilisation of the ground between the linos, and facilitates 
thinnings and the removal of the material ; the plants are 
also easier to find. 

On the whole, those advantages and disadvantages are not 
of much importance, because after the early thinnings the 
three forms stand practically on the same footing. Many 
foresters prefer line planting to the two other forms, because 
it is easiest to carry out, and perhaps tint cheapest. Others 
prefer the square form, while the triangular form is perhaps 
less frequently chosen. 

The marking of the planting spots is done with two linos 
(or chains), the so-called (lirectiwj line, and the pUmtlnri line. 
The latter is divided according to the planting distance, each 
division point being marked in a suitable way, eitheu' by a knot, 
or by drawing a coloured tape through it. On the directing 
line, the distance between successive rows is marked in a 
similar manner. In the case of square planting, the marking 
is the same on both linos, but different in triangle and line 
planting. In the latter, each division of the directing line is 
equal to the distance between the rows ; in triangle planting 
equal to the planting distance multiplied by 'SIHJ. 

The lines are of a suitable length, with a pin (or peg) at 
each end; they should be made of hemp and well tarred, 
to protect them against moisture. On wet soil, a wire is 
preferable to a line, as the latter is liable to alter its length. 

"When a large area is to be planted, it is desirable to sub- 
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divide it, in the first place, into squares or rectangles, the sides 
of which correspond with the lengths of the planting and 
directing lines (Fig. 52). After the corners of the squares or 
rectangles have been fixed, each j)lot is treated separately ; 
the directing line is stretched along two opposite sides of it 
(say a d and h c), and the directing spots marked either by the 
insertion of small pegs or by small holes, or two directing 
lines may be used and left on opposite sides, until the square, 
or rectangle, has been planted ; then the planting line is first 



stretched along a h, and successively parallel to it until d c 
is reached, planting being done as indicated by the marks 
on the planting line. 

It remains to note that in the case of triangle planting the 
planting line must be doubly divided, as the plants in every 
two adjoining rows are shifted by half the planting distance ; 
or the planting line must be drawn back by half the planting 
distance in every alternate row. 

The following semi-regular system of planting is much 
followed in Great Britain : — The planters are arranged in 
line at stated intervals along one edge of the area (Pig. 63, 
a h). Each puts in a plant where he stands. The most 
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reliable planter is placed on one Hank at a, and lie now 
advances a space equal to the fixed planting distance in the 
direction of a previously erected mark (flag), puts in a second 



plant, advances again the planting distance, puts in a third 
plant, and so on, until he reaches the opposite edge of the 
area. • As soon as the flanking man has advanced twice 
the planting distance, the next planter advances one 
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planting distance, keeping at the original distance from the 
first man’s line, andimts in a plant. When the flanking man 
proceeds to his fourth planting spot, his neighbour proceeds 
to his third, while the third man advances; aiid so on, until 
the whole column is in motion, forming a slanting line (c d\ 
each man taking his direction from his neighbour, who is 
always one planting distance ahead of him. When the last 
man has reached the opposite end of the area, the whole 
column w^heels round and works back again, the flanking man 
taking his direction from the last row of plants. 

The method is exceedingly simple, and yields a degree of 
regularity sufficient for most purposes, provided the men are 
well trained for the work. 


8. Number of Plants. 


In the case of irregular planting, the number of plants 
required per acre can be roughly ascertained by dividing with 
the square of the average planting distance, given in feet, into 
43560, the number of square feet in an acre. 

For regular plantations the following calculations apply: — 


Lme flantinq. 

Length of area = L 

Breadth ,, = B 

Distance between the rows . . . = 

„ ,, plants in the rows . = ; 


then the number of rows == + L 


and the number of plants in each row 


B 


+ 1 , 


hence the total number of plants : — 




L X B 
d X d' 


+,i+“+^' 


Square qilanting . — Here d — d' and 
M . L X B , L + B 
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Triangle ‘planting.— ll&ra the distance between the rows is 
represented by the height of tlie equilateral triangle, which 
is equal to d X sin (50” = d X ‘8(5(5 ; hence, number of 

rows= ... + 1) and number of plants in each row, 

d X ‘8(50 

either alternately = ^ 5 always ~ according as 

to whether is a whole number, or i more. 
d 


In the one case 
N 


^ (;z + [d x‘‘H(;(5 + 0 + ^ d ( 


l- 1 

d X -8(56 ^ 


N — ^ -J- 4- J_ 1 

^ “ d“ X ‘8(50 ^ d ^ iid. X -8(56 ^ 


In the other case 
N' 


13 / I J .JL— "1 

d [d X -8(5(5 ' 

X H I 

d“ X ‘88(5 ^ d * 


The lirst term in this and the two previous formulas 
represents the bulk of the plants. .By Jieglocting the com- 
paratively small number represenlod by the other terms, the 
following short approximately correct methods of calculation 
are obtained for each acre of plantation ■ 


Bquara planting- 
id = 


4!55fi() 

8quare of planting distance. 


Triangle qdanting — 

N = 485(50 ^ I’lsq 

Square of side of triangle 


Line planting 
N 


485(5()_ 

jUistaiice between lines X distance in lines. 
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Accordingly, the following numbers of plants are required 
per acre in the case of square planting : — 


Calculated by the 
Accurate 
t’ormula. 

Distance 2 feet X 2 feet = 10,994 

„ 3 feet X 3 feet = 4,887 

,, 4 feet X 4 feet = 2,749 

„ 5 feet X 5 feet = 1,760 

„ 6 feet X 6 feet = 1,228 


Calculated by the 
Approximate 
Formula. 


10,890 

4,840 

2,722 

1,742 

1,210 


9. Lifting Plants. 


Plants must be lifted in the nursery with the least possible 
damage, especially to the root system, and least of all to the 
fine rootlets through which the nourishing substances are 
assimilated. These fine rootlets are generally imbedded in 
small lumps of earth, which should not be shaken off. In the 
case of yearlings, the rootlets are found on the taproot or its 
branches ; on older plants they are principally found on the 
side roots. 

The least interference with the roots occurs, if the plants 
are lifted with a ball of earth in which the root system is 
imbedded ; this method is specially recommended for very 
young or tender plants. In the case of older plants, lifting 
with balls and transport become very exi)ensive, so that, 
whenever admissible, they are lifted without balls of earth. 


a. LiJ'timj Plant with Balia of Earth. 

The operation is performed with a variety of instruments, 
such as the circular spade, the hoe, the conic spade and 
the ordinary spade, according to the size of the desired 
ball. 

Young plants may be lifted with the circular spade (Fig. 54), 
provided the species does not develop a long taproot at an 
early age. This instrument, which was invented by Carl 
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Heyer about 90 years ago, consists of an iron inverted trun- 
cated cone, 'which has in front an opening sufficient to admit 
two fingers, and behind, just above its upper edge, a small 
horizontal plate up to which the spade should be inserted. 
One of the edges of the front opening is sharp, the other 
blunt. The diameter at the lower end ranges from 2 to 5 
inches, according to the desired 
size of the ball ; the diameter 
at the upper end is from J to 
J larger, thus producing the 
shape of an inverted timncated 
cone with a circular cross sec- 
tion. The handle and the cross 
bar or crutch at the top are best 
made of wood and not of iron, 
because the tool is lighter and 
the crutch not so cold. The 
latter is firmly attached to the 
handle by means of throe iron 
bands, as seen in the illustra- 
tion ; these are firmly fastened 
to the handle. The best length 
of the crutch is about 20 inches, 
and its thickness such as just to 
fill the hand of the labourer. 

The length of the handle depends 
on the height of the labourer, 
but it should not be so long as 
to prevent the man from using 
the weight of his body in driving the spade into the ground. 

In using the spade, the stem of the plant which is to be 
lifted is passed through the front opening until it occupies the 
centre of the spade ; then the latter is pressed down vertically, 
until the plate at the back touches the surface of the soil ; it is 
then turned round by means of the crutch from 180 to 800 
degrees, and lifted with ball and plant out of the ground; 
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holding it then with the left hand, the ball and plant are 
pushed out towards the handle with the middle finger of the 
right hand, which glides along the blunt edge of the front 
opening; if necessary, especially when using a larger sized 
spade, two fingers are used. 

The circular spade is used of various dimensions, with a 
minimum diameter of 2 inches at the small end. Spades of 
more than 5 inches diameter cannot be recommended, as the 
balls are either not severed at the base or, oven if severed, 
do not come out with the spade, but remain in situ. Even 
small spades demand a fairly binding soil, or else they will 
not work satisfactorily. The height of the spade is usually 
about equal to the diametei’. The ball is cylindrical, the 
object of the conical shape of the spade bciing to facilitate its 
removal. The instrument works expeditiously and cheaply ; 
extensive areas have been planted with it. The seedlings are 
obtained by broadcast sowing. The instrument is also very 
useful in lifting plants and planting them into blanks on areas 
which had been previously sown, and where the plants have 
come up irregularly. 

The hoe is also used for lifting young plants with balls ; it 
is inserted from one side so as to get underneath the plant, 
which is then lifted up. The operation requires skill, and 
even then the method is of doubtful utility, as the balls are 
likely to fall to 2 )ieces. The ordinary p/aanha/ spiula (Fig. 41, 
p. 167) and the Irish spade (Fig. 40, p. 167) are used for the 
lifting of larger plants. The operation necessitates four 
insertions, and it produces an inverted pyramidal ball. The 
semi-circular spade (Fig. 55) is also used for lifting larger 
plants; it necessitates only two or three insertions. The 
semi-conical sptade (Fig. 56) is so constructed that it requires 
only one insertion, after which it is turned round its axis, thus 
separating a ball of earth of an inverted conical shape. The 
instrument can be recommended. 

On stony soil a heavy, specially strong spade (Fig. 67) is 
sometimes used. 
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h. Lifting Vlants without Balh of Earth, 

This is done with the spade or the two, three or four- 
pronged fork (Fig. 48, p. IGT), which is inserted froni one side 
and bent down l)ackward, so that the plant is g(3ntly lifted up 
and gradually separated from the soil. 

A better method is to insert two spades or forks from 



opposite sides, in a slanting direction, so that they niocst, or 
nearly so, underneath the plant ; loth spades are then bent 
back and the plant lifted. 

Sonaetimes hoes, ordinary or pronged, are used, hut they 
are inferior to spades or forks for lifting plants. 

Pulling up plants injures the roots and should bo avoided. 

10. Pruning Planto. 

As a general rule, plants should not be pruned unless it is 
absolutely necessary. Every cut produces a wound, exposing 

s. 
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the plant to disease, which may ultimately render the tree 
unfit for the purpose for which it has been grown. Eesearch 
has shown that the unhealthy condition of timber trees may 
be due to spores of fungi entering their tissue through wounds 
received at a very early age. 

Where woods are grown for fuel, or treated under a short 
rotation, the above consideration is of comparatively small 
importance; in the case of timber plantations, however, 
which require long periods of time to mature, the forester will 
do well to pause before he proceeds to prune his plants. 
Healthy plants of modei’ate size can be produced at such a 
low cost that it is far preferable to throw away badly-shaped 
plants, than to prune them and risk the introduction of 
disease. In the ease, therefore, of small and modoratc-sised 
plants pruning should be avoided. Buch plants should bo so 
grown that a compact root system may be produced which 
does not require pruning. 

Where large plants are used, pruning may bo necessary ; its 
execution depends on a variety of circumstances, of which the 
following may be mentioned : — 

a. Shape and Condition of Plantn. 

In the case of plants of a normal shape, especially if the 
root system and crown are in proper proportion, pruning is 
not necessary. In the reverse case, (dther tho root system or 
the crown and even the stem may be reduced in e.xtent ; of 
two leaders, one may be removed, abrunnnally strong side 
branches shortened, inconveniently long tap or side roots 
reduced. The pruning of ojie part may necessitate the 
pruning of the other, so as to establisli a duo proportion 
between them ; if, for instance, the root system has been 
pruned but not the crown, portions of the latter may not 
receive sufficient nourishment and dry up. Normal plants 
frequently require pruning, because the root system has been 
injured in lifting them. 
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h. Species. 

There is a great difference in the treatment of plan is of 
different species ; some stand pruning bettor than otliers, both 
as regards the replacement of the pruned parts and the extent 
to which they are exposed to disease. 

On the whole, conifers stand pruning badly. Larch is 
perhaps an exception, also deodar and Piiiits longifoUa, though 
they cannot be pruned to the same extent as bi'oad-leavcMl 
species. The latter recover much quicker, especially species 
with a strong reproductive power after injury, such as willow, 
poplar, oak, hornbeam, elm, alder. Beech and birch, on the 
other hand, are less vigorous in this respect. Teak stands 
much pruning of the crown, but less of the root system. 

e. LoealUj/. 

Under favourable conditions of soil and climate, pruning is 
less injurious than in the reverse case. On fertile fresh soil, 
a comparatively small root system suffices to fulfil the necessary 
work of assimilation, and fresh organs are formed in a short 
time; on dry poor soil, pruning of the roots must bo much 
more restricted. 


il. Manner of Pruiiiii;/. 

In all cases, a clean cut should bo made ; it should be some- 
what slanting and not at right angles to the branch or root. 
Where a whole branch is taken off, the cut should be flush 
with the stem to insure quick healing by occlusion ; if it is 
only shortened, the cut should be made just above a strong 
bud. 

The operation may be performed with a pruning knife, 
pruning scissors, shears, or a light hatchet ; in the latter case, 
'the plant should be placed on a firm support during the 
operation, so as to injure the remaining wood and bark as 
little as possible. 

0 2 
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11. Protection of Plants in Transit. 

During transit, plants must be protected against drying up 
and frost, and this refers more particularly to the root system ; 
a few minutes of exposure often suffices to kill the liner roots. 
The method of protection depends on the kind of plants, the 
time during which the plants are in transit, the species, and 
the climate to which they are exposed ; tlie drier the latter, 
the more carefully must the plants be protected. 

Ball plants possess already a good protection in the lump 
of earth in which the roots are imbedded. For transport 
occupying not more than one day, the balls should be packed 
close together to prevent their drying and the earth from 
being shaken off. Only in rare cases are such plants carried 
over long distances, the cost being too great. 

Plants without a ball of earth should at once be protected. 
This is best done by dipping the roots immediately after lifting 
into soft mud, which forms a thin layer over them ; the plants 
should then be tied together in bundles of convenient mm. 
For transport over short distances, which occuj)ieB not more 
than one day, the bundles should be placed in baskets, wheel- 
barrows, carts or waggons, according to circunistanceB, the 
roots being surrounded by, or imbe<kled in, moss, grass, or 
earth. If the weather is dry and the sun shining, Bomo cover 
may also be provided, to prevent the drying up of the foliage. 
The moss or grass used to cover them should be moistened, and 
this process may be repeated from time to time during transit. 
If the transport extends over several days, further precau- 
tions are necessary. The small bundles are, in that case, 
bound together into large packages, by arranging the plants 
so that the roots are alien one end, well wrapped in wet moss, 
grass, &c., and then secured by withes. The whole package 
is covered with matting. In the case of small or middle-siiied 
plants, two layers are packed together with the roots in the 
centre and the crowns outwards on both sides. Plants packed 
in this manner keep fresh for a week, provided they are so 
packed that no heating takes place* 
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On arrival at their destination, the plants should at once be 
unpacked, and either planted out, or heeled in (bedded in 
earth) until tliey can be planted. The heeling in is best done 
by arranging the small bundles in trenches and covering the 
roots and part of the stem with moist soil. If necessary, 
shelter against the sun or dry winds may also bo provided, 
and the plants may be watered. 

12, PjmPABATION OF THE BoiL. 

Only in very rare cases does the soil require complete 
working before planting, and in such cases it is done by one 
of the methods indicated for direct sowing. As a general rule, 
planting requires only working at the spots where tlH i^lants 
are inserted into the ground, or none at all. In silvicultural 
operations conducted on a largo scale, the worked an^-a of a 
planting spot ranges upwards from a few square incluss, and 
rarely exceeds 2 or B square feet. Tho actual method of 
working the soil depends on the methods of planting; luniee 
it will be described when dealing with the latter. 

B. The Baising of Plants. 

Plants can be procured either by purchase or home produc- 
tion; in the latter case they can bo taken from existing woods, 
or raised in temporary or permanent nurserioB. Although, in 
the majority of cases, plants are purchased or producc 3 d in 
home nurseries, the third method may in certain cases be 
admissible, hence the stibject will be divided as follows :~ 

(1.) Purchase of plants. 

(2.) Plants taken from existing woods. 

(3.) Kaising plants in nurseries. 

1. PXJRCHASB OF l^LANTH. 

In former times, the necessary plants were, as a general rule, 
grown at home, and this is still the case in many countries. 
In Great Britain, and now also on the Continent, a highly 
developed industry of raising plants for sale has been estab- 
lished, and in the former country by far the majority of j>lants 
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are now-a-days purchased from nurserymen. This system is 
very convenient, since the planting operations are not inter- 
fered with by want of the necessary planting material. Eail- 
way communication, also, is now so extended and rapid that 
most important species of forest plants can be sent to any 
part of the country without serious risk to their health and 
vigour. The art of raising strong hardy plants has been so 
fully developed by nurserymen, that almost any description 
of plants is procurable at short notice. 

Under these circumstances the purchase of plants is quite 
justified in Great Britain and in a few other countries, provided 
the for^ter takes care that he receives only good healthy 
plants of the description indicated on page 178. He must, 
more especially, see that he receives plants with a properly 
developed root system — that is to say, one which is full and 
compact, but at the same time of a natural shape. It has of 
late years become the practice to lay down the seedlings, when 
they are pricked out, into shallow trenches, involving the 
bending over of the root system to one side ; the result is a 
bushy altogether lop-sided root system. If sucli plants ai-e 
put out into the forest, they take years to I'ocover a noiunal, 
healthy shape of the root system, and until this takes place 
they have only a limited hold on tlie ground, and are liable 
to be blown over by strong winds. 1’his drawback is often 
maintained up to middle age, if not longer. Unless 
nurserymen give up that pi'actice, they must be prepared to see 
landed proprietors revert to the system of home nurseries; 
indeed this has been done already. 

In selecting plants, care should be taken that they are suited 
to the locality where they are to be planted. For fertile locali- 
ties at low elevations, well grown tall plants are desirable ; for 
poor soil, especially at high elevations, short sturdy plants are 
preferable. ,It is generally considered best, if no great dififer- 
ences exist between the soil and climate of the nursery and 
of the locality where the plants are to be put out, though this 
idea is frequently overdone. 
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2. Plants taken from Existing Woods. 

Where operations are conducted on a small scale, and 
nursery plants are not available, the planting material may 
be obtained from existing young woods, such as natural 
regenerations or sowings. In such cases, the plants are 
taken from the parts which are too thickly stock'ed, and 
consecpiently they are generally indifferently developed ; they 
are frequently slow in coming on after transplanting, and 
rarely yield good results. 

il. Raising Plants in Nurseries. 

Where plantings are conducted regularly on a lai'fte scale, 
plants may be raised in home uurseidcs ; and oven if the jilants 
are purchased from nurserymen, it is desirable to have a 
nursery at home, whore seedling plants can bo prickod out, or 
reserve stocks kept until they are wanted. 

Nurseries may be temporary or permanent ; the former are 
used for a few years only, generally to yield the material for 
the planting of a particular locality, when they are abandoned 
and a new nursery laid out elsewhere ; permanent nurseries 
are used for a long series of years. Each has its advantages 
and disadvantages. In the case of temporary or shifting 
nurseries, the cost of transport and the risk of damaging the 
plants during transit are smaller ; on the other hand, the cost 
of laying out is greater, as it recurs every two or three years, 
and they do not, as a rule, yield equally good plants. Tem- 
porary nurseries can be established in localities of the same 
description as those where the planting has to be done ; hence, 
they may be desirable where distinct zones of vegetation occur, 
especially in mountainous districts, also where the plants arei 
to be put out with balls. ' 

Permanent nurseries require to be manured from time to 
time, but they yield better plants ; they are preferable in the 
majority of cases, especially in more level districts, where 
large numbers of plants are required year after year, and 
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where the transport is fairly easy and cheap. There is 
practically no difference in the treatment of temporary and 
permanent nurseries, except that in the latter case all 
arrangements are of a more lasting nature. 

a. Choice of Site. 

The site should be favourable for the growth of the 
particular kinds of plants which are required. If only one 
species or a few of similar i-equirements are wanted, a site 
can be chosen which agrees with their special recpiirements as 
regards soil and situation. In the majf)rity of causes, however, 
plants of differing requirements are to be raised, and in such 
cases it is best to choose a site of average conditions. 

The most suitable soil is a fresh sandy loam, or loamy sand. 
Heavy clay should be avoided, as it is less suitable than even 
a light sandy soil. Good depth and a suitahlo degree of 
porosity are essential, as they insure a more even degree of 
moisture. On the whole, good physical qualititis are of more 
importance than richness, as a deiiciency of the latter can be 
made good by manuring. 

As regards situation, the site should, if possible, he in the 
centre of the area where the planting has to be done ; but if 
no suitable locality is there available, it is desirable to go to 
some distance in search of it. The site should bo accessible 
and easy of control. A gentle slope is best, or an elevated 
level plain ; in either case, it should not bet exposed to danger 
from frost, especially late spring frost, fairly sheltered, but 
open to the free circulation of air. d'he aspect depends on 
circumstances, especially latitude and elevation. In temperate 
Europe, the least favourable aspects are eastern and south- 
eastern on account of late frosts, and southern and south- 
western on account of the rapid evaporation of moisture. 

The idea that the soil of the nursery must be of the same 
or a similar description as that where the plants are to be 
planted, is not borne out by experience. Well developed 
vigorous plants raised on favourable soil do best, even on 
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inferior soil. Nor does a moderate difference in elevation 
necessitate the establishment of separate nurseries. 

The site should, if possible, be so chosen that water can be 
led on to it from a spring or stream, or that at any rate 
water may be found at a reasonable depth for the construction 
of a well. 

h. Area, 

This depends on the species, the method of treatm(3nt, the 
number of plants, whether they are pricked out or not, and 
the age at which they are finally removed. It is clear tliat no 
general rule can be given. By way of illustration, it tuay 
be mentioned that for raising two-year-old seedlings of 
spruce, the area of the nursery should be about ^ per cent, 
of the area to be annually planted at 4 foot apart ; if tlaj 
two-year-old seedlings are pricked out, and remain for a,nothor 
two years, the nursery should comprise at least 'J pc3r c(mt. of 
the area to be planted annually. 

Where broad-leaved specie, s are raised, such as oak or b(iecb, 
the percentage is higher. Tt increases very rapidly witli tlie 
age of the plants ; for instance, in the case of twice pricked out 
oaks, which are planted out at the ago of S) years at K) fecit 
apart, the area would amount to not loss than 30 per cent, of 
the area to be planted annually. 

c. Hhape. 

Whenever a free choice is possible, the shape of tlui nursery 
should be that of a square or rectangle, because it admits of a 
regular rectangular shape being given to the bods without 
waste of area. 


(L Fencimij. 

The nursery must be thoroughly protected against cattle 
and game by fencing it substantially. The nature of the fence 
depends on circumstances (see page 134) ; it may consist of a 
stone wall, wooden or wire fence, living hedge, etc. ; stone 
walls are liable to interfere with the free circulation of the air, 



202 


ABTIFICIAL FORMATION OF WOODS. 


while living hedges take some years to grow. Of late years, 
wire fences, if necessary combined with rabbit netting, have 
grown in public favour. 


c. Drainiiif/. 

This will, as a rule, not be necessary, as soil which requires 
draining should not be chosen for a nursery. Where no other 
site is available, the draining may be so arranged that the 
water is collected in a well at the lowest point of the nursery, 
to be used for watering during dry weather. 

/. Water ina. 

As a general rule, watering will be required at any rate for 
the seed beds ; hence, the importance of choosing a site situated 
in the vicinity of a spring, stream, or tank, from which the 
water can be easily brought into the nursery. In the absence 
of such a supply, one or more wells must be sunk, and the 
water lifted. 

The water can be distributed by hand, or by irrigation. 
The latter can be done in two ways, by percolation or by 
flooding, according as to whether the water stands in channels 
between the beds, or is allowed to cover the surface of the beds. 
Flooding is more effective, but it is followed by the formation 
of a hard crust on the surface, which requires to be broken; 
in the majority of cases percolation is preferable. 

g. Preiximtion of the Soil. 

It is highly desirable that the soil of the nursery should be 
free from stones and roots, and as finely divided as passible, 
in other words, it should be prepared in the same way as 
garden soil. The depth to which the soil should be worked 
depends on the species and nature of the desired plants. 
Where a compact shallow root system is wanted, it is best 
not to work too deep, and to see that the surface soil is fertile; 
if deep rooted plants are desired, the soil must be worked to a 
considerable depth. If one or two kinds of plants are to be 
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raised, their special wants can be considered in the first culti- 
vation of the soil ; as a rule, liowovor, more species, and those 
of varying requireinents, are wanted, which it is convenient to 
raise in any part of the nursery. Under these circumstances, 
it is generally preferable to prepare the whole nursery for the 
production of any kind of plants. In a country with a 
climate like that of Britain, the best plan is to trench the 
nursery to a depth of 2 feet. J luring this operation, all 
stones and roots should be removed, the land levelled as 
far as practicable, or terraced on sloping ground, and 
the best earth kept near the surface. The most suitable 
time for trenching is autumn, so that the ground may lie 
fallow over winter and 1)0 exposed to the effects of frost 
and of the winter rains. In the following spring, the soil 
should again bo worked, either with plough, spade, or 
hoe, and harrowed so as to divide it finely. The nursery 
operations can then bo commenced, or the ground, after 
manuring, bo used during one season for the cultivation of a 
fidd crop, such as turnips, mangold-wurzel, or potatoes, so 
that the additional cultivation may produce a farther division 
of the soil. After the removal of the crop, the ground is 
ploughed and left fallow over a second winter, when it should 
be quite ready to serve as a nursery. In the case of temporary 
nurseries, a more rough-and-ready method of working is 
frequently employed. 


h. Manuring. 

On good soil, plants can be raised for a number of years 
without manuring, but sooner or later this becomes necessary. 
Although the demands on the soil of a growing crop of trees 
are comparatively small, yet, through the uninterrupted 
growing and removal of seedlings, considerable quantities of 
various substances are taken out of it which must be 
replaced. 

Manuring, or amelioration generally, has for its object to 
improve not only the chemical composition, but also the 
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physical qualities of the soil. If, at the outset, the soil should 
not be of the projier consistency, it must be improved by the 
admixture of sand to a still soil, and by that of loam to an 
excessively loose and light soil. At the same lime, and at 
any rate after a few years, the soil can be specially manured. 
The materials winch must be brought into th(3 soil are 
phosphates, potash, nitrates, and next, lime, magnesia, iron 
and sulphur. The usual forms of manure are: Stable 
vjmiure is perhaps the most suitable if it can bo obtained at a 
suitable price. It not only contains nitrogen, potash, and 
phosjihates, and other necessary substances, but it has also a 
most beneficial effect upon the physical conditions of the soil. 
Frequentl}^ it is first converted into compost. Phosphates 
are best given in the shape of bajmi slag in tlui aiitunni, that 
is to say, some time l)efore the beds are sown or planted. 
Potash is introduced as kainit, or as sulphate of potash ; it 
should be given in autumn. Nitrapen is ])erhHpB best given 
as sulphate of ammonia, generally in spring. Lime is wanted if 
the soil is poor in it; it is frequently given in connection 
with the preparation of compost. Other forms of manure are 
guano and bone dust. 

The quantities of manures to he given vary much ac( 3 ording 
to the nature of the soil, the specicis to ho grown, and the 
length of time which the plants are to remain in the hods. 
Hence, it is impossible to indicate accurate (piantitios. In* a 
general way it may he said that about the following quantities 
may be considered a suitabhi dressing for nursery purposes, 
per acre : — 

Stable manure = 80 to 100 cwts., or 

Basic slag = 10 „ \ 


Sulphate of potash | 5 

or Kainit j' 20 


together. 


Sulphate of ammonia lto2 ,, j 
All such manures are, however, expensive, and with a view to 
recovering a part of the outlay, the soil may be used for one 
year for the production of a field crop immediately after 
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having been manured. This measure is further useful, 
because it gives the soil a change of crop, while it receives at 
the same time a thorough working. British nurserymem, as a 
rule, act as follows : tliey treat their nursery ground inuler 
a rotation of three or four years; they manure, iak<i off one 
field crop, and use the soil during two or three years for 
nursery purposes. 

The manure can be supplied by growing a higuminous crop, 
such as lupine, and jiloughing it in instead of nunoving it. 
Such plants take nitrogen from the air which is iluis brought 
into the soil. It is also of great importance that by their 
ploughing in, the soil receives a quantity of liunms which has 
a very beneficial effect. 

In many nurseries, considerable quantities of mild manures 
are used, such as loaf mould, compost, burnt turf, and also 
charcoal refuse. The loaf mould is taken from the forest, or 
specially prepared from dead leaves, noodles, forest plants, 
etc., which are heaped together and allowed to decompose, 
generally with the addition of a cm'taiu amount of quicddime. 

Compost is a mixture of humus and soil. It is g<uHn'a]Iy 
made into heaps, some quicklime added, and then allowed 
to season, the heaps being turned over from time to time ; it 
should not be used for a year or two. To prevent the com- 
post being washed out l)y rain water, it is Bometiimm storcjd 
in pits instead of heaps. 

Burnt turf is produced ])y cutting sods of turf, host from 
loamy soil, in spring, allowing them to dry, the grassy side 
downwards, and then burning tlunn iti heaps eitlnu* alone, or 
better intermixed with brush wood or fagots (Fig. 58).'*^ In 
constructing such a heap, some brushwood is placed in the 
centre {a) and covered with perhaps four layers of Hods(//), 
then comes a second layer of wood (r), followed by ihr^ie or 
four more layers of sods (d). A narrow channel (v//) is kept 
open from the wood in the centre to the circumference by 


* Al’tur ileyer. 
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■which the wood is ignited. The effect of burnt turf is not of 
long duration ; manuring with it has generally to be repeated 
every year ; it acts, however, very favourably upon the 
physical condition of the soil, somewhat iti the same way 
as humus. 


i. Laying out the Nursery. 

The area of the nursery is divided into compartments of 
convenient size, generally of the shape of a scpiare or 
rectangle. The number of compartments depends on the 
number of species to be grown, and the age of the plants 
when put out into the forest. Assuming the latter to be 
three years, there should be four compartments in each set, 



Fig. ns. 


to allow each compartment to lie fallow, or be used for the 
cultivation of a field crop every fourth year. 

The compartments should b;; separated by roads, which 
cross each other at right angles. Their breadth depends on 
circumstances ; in most cases it is desirable to make the 
main roads sufficiently broad to admit carts or wagons. The 
roads are excavated to a depth of (J to 12 inches, the soil 
being spread over the adjoining land and then filled in with 
a layer of macadam or coarse gravel, covered by a thinner 
layer of fine gravel or sand, in such a manner that the 
surface slopes gently from the centre towards the sides. A 
useful measure is to line the roads by an edging of a suitable 
plant (privet, box, etc.), which helps to keep them tidy. 

In the case of heavy seeds, such as acorns, chestnuts, etc., 
the whole compartment is sometimes sown broadcast, or in 
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lines at such distances that a man can walk between them, 
and then no further division is required. In the majority of 
cases, however, the compartments destined for sowing are 
divided into parallel beds intersected by paths. These beds 
should not be more than four feet broad, so that a man can 
easily reach from the path to the centre of the bed without 
treading on it. The paths are of just sufficient bi'eadth to 
allow a man to walk along them. Where the seed beds are 
to be irrigated by overflow, the paths should be on a higher 
level than the beds, so as to act as embankments to keep the 
water on the beds. 

j. Sowi-wj the. Heed Bedn. 

The surface of the seed beds having been reduce, d to a fine 
degree of division, the seed is sown, either broadcast, or in 
lines or drills ; the latter is frequently preferred, as it 
facilitates weeding. In the case of broadcast sowing, the seed 
is scattered evenly over the whole seed bed. 

Line sowing may be done by pressing the seed individually 
into the ground, or by opening out shallow drills at suitable 
intervals, and placing the seed into these ; the drills can run 
longitudinally over the seed bed, or crossways, the latter 
facilitating weeding. The depth of the seed drills depends on 
the species, and ranges from about i of an inch to 2 inches. 
Similarly, the distance between the seed drills depends on the 
slower or faster development of the seedlings and the time they 
are to remain in the seed beds ; it varies from 6 inches to a 
foot. The seed drills can be made by hand, with a peg, or 
narrow-pointed trowel-shaped hoe (Fig. 59), or by pressing 
wedges or square-shaped battens into the ground (Fig. 60). 
In fact, quite a variety of instruments have been invented for 
the purpose. Fig. 60, a, h, c, shows three differently shaped 
drills. The covering of the seed is done by hand, or with the 
rake, or by scattering fine earth, compost, turf ashes, etc., 
over it to the required depth. In any case, it is desirable to 
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press the covering down, best by passing a light roller over 
the bed. 

Sowing should only be done during suitable weather, that 
is to say, when the soil is of the desired degree of dryness. 
The actual method of sowing depends on the species. By 
way of illustration some of the methods followed in Britain 
are here added : — 

Heavy seeds such as acorns, sweet cliestnuls, walnuts, horse- 
chestnuts, etc., are generally sown in lines which are from 9 to 
12 inches apart. The seeds are either sown in drills about 2 




Fig. r>i). Kig. (JO. ' 

inches deep and covered by earth drawn over them with a 
rake ; or they are placed on the surface and then covered with 
earth taken from the space l)6tween the rows. In the latter 
case, the seed rows form slightly elevated ridges. Beads of the 
above-mentioned kinds may either be sown in autumn soon 
after they have been gathered, or they may be kept over 
winter in airy places, where they are occasionally turned and 
perhaps also mixed with some sand. 

Beechmits are treated similarly, but the covering should not 
exceed. I of an inch; they are sown more frequently in spring 
than in autumn. 

Maple seed is sown soon after gathering in lines as before, 
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mostly on the surface and covered with soil to a depth not 
exceeding f of an inch. 

Elm seed is sown immediately after it has become ripe, at 
the end of May or beginning of June, generally in lines about 
a foot ajiart ; its covering should consist of fine earth placed 
over it of a thickness not exceeding of an inch. 

Alder seeds are generally sown broadcast in early spring, 
and covered with ^ to t of an inch of fine mould. 

Birch should be sown as soon as it ripens (beginning of 
August), and covered with about i of an inch of fine mould, or 
simply mixed with the surface soil. 

The seeds of ash, hornbeam, and thorn are mixed with sand 
and kept from 15 to 18 months in a pit, where they are 
occasionally moistened and turned. They are sown in early 
spring of the second year, together with the sand in which 
they rested; they receive a covering not exceeding J of an 
inch. 

The seeds of larch, spruce, Scotch pine, and various other 
conifers are sown broadcast or in drills in spring on carefully 
prepared beds. Silver fir is frequently sown in autumn. 
They are sown on the surface and then covered with fine 
earth ; frequently, the process consists in scraping a sufficient 
quantity of soil from the surface of the bed to both edges, then 
sowing the seed and raking back the earth from tlie sides 
towards the centre of the bed. After thoroughly smoothing 
the surface, a light roller is passed over the bed. The drills, 
if preferred, are shallow, not more than f of an inch deep and 
filled with loose soil. A covering of ^ of an inch is quite 
sufficient. 



k. Quality and Quantity of Seed. 

Considering the heavy expenditure involved in laying out 
nurseries, none but seed of the best quality should be used. 

The quantity of seed to be sown on a given area depends on 
the species and the time during which the seedlings are to 
remain in the seed bed. Too dense sowing causes tlie 
s. y 
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seedlings to grow up lanky, while too thin sowing involves 
loss of area and consequently increases the cost. If the 
seedlings are to go direct from the seed bed into the forest, 
the quantity of seed should be about one-half of that sown 
when the seedlings are to be pricked out in the nursery. 

As to the actual quantity of seed to be sown, views differ so 
considerably that it is not possible to give average data. In 
Messrs. Howden & Co.’s nursery at Inverness, the following 
quantities of good clean seed are sown broadcast per 100 
square feet of seed bed : — 


Scotch pine . 
Spruce . 
Austrian pine 
Larch . 


■0 

•6 

•8 


pound. 




1-0 




Messrs. Howden & Co. consider it a good full crop if one 
pound of good Scotch pine seed produces 15,000 seedlings. 

Gayer gives the following average quantities of seed to be 
sown in drills per 100 square feet of seed bed : — 


Oak and sweet chestnut 


*05 bushel (at 8 gallons). 

Beech .... 

== 

•13 

f) 

Ash and maple 

= 

•3 

pounds. 

Elm .... 


•23 


Hornbeam . 

= 

•18 


Alder .... 

= 

•3G 


Birch .... 


•41 

ff 

Silver fir . . . 

= 

•82 

J 1 

Scotch pine . 

=: 

•17 


Spruce . 

zz: 

•28 


Larch .... 

= 

•46 

ff 

Austrian pine 


•26 

n 


Broadcast sowing takes from twice to four times the quantity 
of seed required for drill sowing ; hence, Gayer’s data for 
conifers agree fairly well with those given by Messrs. 
Howden & Co. 
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1. PricMng out. 

In some cases, the seedlings are taken direct from the seed 
bed to the forest; in others, they are transplanted once or 
several times in the nursery, before they are finally put out. 
British foresters call the former “seedling plants,” and the 
latter “ kansplants.” 

Seedling plants, which are to go direct to the forest, must 
be grown roomy in the seed beds, so that they may develop 
properly ; plants which are to be pricked out in the nursery 
may stand closer together in the seed beds. 

Pricked-out plants are generally placed in rows, called 
“ nursery lines.” The soil devoted to them must bo carefully 
prepared, though not perhaps quite to the same extent as that 
of seed beds. 

The area required for nursery lines depends on the species, 
the age of the seedlings when pricked out, and the time they 
are to remain in the nursery; on an average it may be 
estimated at 8 to 10 times the area of the seed beds, provided 
the plants are one year old when pricked out, and four years 
old when put out into the forest. 

Seedlings should be pricked out while young. In the tropics, 
the proper age is sometimes only a few weeks ; in temperate 
Europe, generally one or two years, according to the nature of 
the species and the locality. 

When the object is to produce large and strong plants, or a 
full and bushy root system, they may be pricked out a second 
or even a third time, after an interval each time of one, two or 
more years. 

Plants may be pricked out at any time, provided it is done 
carefully, rapidly, and when the soil is fairly moist. In 
temperate Europe, the best time for extensive operations is 
ea rly spr ing. Moist weather is desirable during the operation, 
else the plants may have to be watered. The lifting and 
protection of the plants during transit have been dealt with 
above. 

The distance between the nursery lines, and between the 

P 2 
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plants in the lines, depends on the size of the plants, their 
more or less rapid development, and the time which they are 
to remain. Ordinary two-year-old seedlings of Scotch pine 
and spruce, which are to remain for two years, may be 
placed from 3 to 6 inches apart, with a distance of 8 to 
12 inches between the lines. Larch jplants must be placed 
somewhat further apart, while for oak the distances are still 
greater. Eoomy pricking out gives better plants, but the 
costs are also greater. 

Messrs. Howden & Co., Inverness, generally line out the 



larch one year old and Scotch pine two years old. They place 
them 3 inches apart in the lines, with 9 inches between every 
two lines. 

The pricking out can be done in a variety of ways according 
to the description of plants. The more usual methods are, 
either to make a separate hole for each plant with a planting 
peg, a small hoe, or a garden trowel, or to open trenches, into 
which the plants are placed at the proper distance apart. In 
either ease, the roots should be placed into a natural position, 
and the soil well pressed around them. 

British nurserymen, in raising plants for silvicultural 
purposes, proceed in the following manner : — 

The soil, after having been brought into a suitable condition, 
is thoroughly smoothed along the whole length of the compart- 
ment, then a planting line is placed on it, parallel to one side 
of the compartment ; then the ground is cut away with a spade 
along the line, so that a shallow trench is formed with one 
side almost vertical (Pig. 61, a). Against this side the plants 
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are placed at the proper distance apart, some eartli pressed 
around them, then the trench completely filled up, the earth 
pressed down once more with the foot, and the whole smoothed 
over (Fig. 61, h). Then the planting line is moved on to the 
following row and the operation repeated. The method works 
very expeditiously, and it is an excellent one in principle. It 
has, however, become the practice to make the trenches so 
shallow that the root system of the plants, instead of assum- 
ing a natural position in the ground, is altogether bent to one 
side. The result is that the plants develop a lop-sided root 
system. It may be easier to put out such plants, besides 
saving expense, but the system is certainly not favourable to 



the development and stability of the trees grown by it. The 
author has observed, that in many cases trees 30 to 40 years 
old had not yet established a normal root system, and that 
numerous trees are blown down for this very reason. To 
produce really good plants, the vertical side of the trench 
should not be less th an 10 inches deep, so that the roots go 
down straight to that distance (see Fig. 62). The additional 
expenditure is not more than about one shilling per 1,000 plants. 

Of late years, a variety of machines and apparatus have been 
constructed with the object of facilitating the pricking out. Of 
these, Hacker’s apparatus for the pricking out of 1 or 2 years 
seedlings deserves to be mentioned (Figs. 63 and 64). The 
illustrations explain the system. It is said to reduce the 
expenses vei-y considerably. 
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m. Choice hetwcMi Sccdliiuj Plaiiftt and Tran^planU. 
Each of these two kinds of plants has certain advantages 
and drawbacks, and it depends on the circumstances of each 
particular case, whether the one or other is preferable. 



Fig. ()8. — Halkcr’H Pricking ont Macliinc. 

Pressing earth on to Bemoving the Handing Die Jianging plants into 
the roots. frame. frame. the gi'oovcs of the 





Fig. 04. — Halker’s Pricking out Apparatus. 

Hanging plants in grooves Handing the Bemoving the Ihvssing earth 
of frame. frame, frame. on to 1 lie roots. 


■ Seedling plants are considerably cheaper than trans- 
plants, as the latter require a larger area, as well as labour 
in pricking out and tending. On the other hand, trans- 
plants are much superior, as they have more room to 
develop; especially the root Sjy8tej3x--beeemea_J^^ more 
bi ishy and compa ct. 

For planting in favourable localities, seedling plants 
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may do as well as transplants ; in unfavourable localities, 
the latter are preferable ; also when specially large plants 
are required. 

The choice also depends on the species. In the case of 
Scotch pine and oak, seedling plants give good results ; in that 
of most other species transplants are to be preferred. 

A plan sometimes followed consists in classifying the seedling 
plants when, say, two years old. The best plants are put out 
directly into the forest, the second class plants are pricked out 
in the nursery, and the third class, comprising the weak and 
misshapen plants, are thrown away, 

n. Tending Seed Bedn and Narserg Linen. 

The seeds, as well as the yomig jilants, require a certain 
amount of tending, more especially protection against injurious 
influences. The details of such tending and protecting are 
given under the head of Forest Protection, In this place, only 
the more important measures directly connected with nursery 
work will be indicated. 

(1.) The seeds must be protected against birds. Those may 
be kept off by shooting or frightening. If this is imj)ractical)lo, 
small seeds may receive a coating of rod lead, or the beds may 
be protected by placing on tlujm thorny brushwood, branches 
of coniferous treos, grass, etc., or nets may bo spread over 
them, resting on supports, so as to keep them at a suitable 
distance from the ground. The latter have the disad vantage 
that they must bo lifted when weeding has to l)o done. Wire 
netting, bent in a Bomicirclo over the seed bods, is most suit- 
able ; it needs little support and lasts many years. 

Mice, moles, and mole crickets often do much damage ; they 
must be caught or poisoned. Mice may be trapped or caught 
in pots buried in the pathways and half filled with water : 
these animals are in the habit of running heedlessly along the 
paths, when they fall into the pots. 

Earthworms do damage by dragging small seedlings into 
their burrows. 
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Hares, rabbits, etc., must be kept out by fencing with wire 
netting. Squirrels must be shot. 

Amongst insects, the cockchafer larvoB and the wireworms 
are the most destructive in temperate Euroiio. In both cases, 
damage is difScult to prevent. Cockchafers are specially fond 
of laying eggs in clearings in the forest, such as a nursery ; 
and if this be repeated once or twice, it may bo necessary to 
change the site of the nursery. Almost the only way, to 
meet the damage in the case of grains of the cockchafer 
and wireworms, is to collect them, or to kill them with gas 
lime. 

(2.) Extremes of climate make themselves felt by frost or 
drought. 

In the first place, a considerable fall of temiierature inter- 
feres with the proper germination of the seeds, and it may 
injure young seedlings. Such damage is prevenhsd by cover- 
ing the seed bods with moss, grass, straw, needles, or short 
branches of conifers, or by erecting a temporary roof at a con- 
venient height over the seed beds. Very delicate seedlings 
may be raised under glass. The covering should bo removed 
during the day and replaced in the evening. Somewhat later 
on, alternate freezing and thawing may lift the young plants 
out of the ground ; this can be prevented by covering the 8i)ace 
between the lines with moss or sawdust. If, nevertheless, it 
should occur, the plants must be speedily put back into the 
ground, or earth must be put on the bods. 

Damage by drought is prevented somewhat in the same 
way as that by frost, best by shades, which are placed over- 
head, or on the sunny side of the beds. If the dry weather 
should last for some time, the beds may have to be watered. 
This, if once commenced, must be continued until rain falls. 
As watering is expensive, unless it can be done by irrigation 
with water obtained from a higher point, it is only done when 
absolutely necessary. Many British nurserymen never water : 
they prefer taking their chance. In more southern countries, 
watering frequently becomes a necessity. There, also, protection 
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against hot winds is frequently given by shades placed on the 
side whence the wind blows. 

(3.) Weeding should be done frequently and thoroughly. 
It can be done by hand, or with knives, weeding forks 
(Pig. 65), light two- or three- pronged hoes, the Dutch hoe 
(Fig. 66), etc.-* 

The weeding is generally accompanied by some loosening of 
the surface soil ; but apart from weeding, periodical working of 
the soil between the nursery lines is highly beneficial. 

(4.) If the seedlings come up too thick in the seed-beds, 
they may be thinned out. In doing this, care must be taken 



Pig. 05. Fig. on. 

not to disturb the plants which are to remain ; hence, the best 
plan is to cut off the weakest plants close to the ground with 
scissors. 

C. — Methods of Planting. 

The most important point in planting is to reduce the 
interruption of growth to a minimum, so that the plants may 
quickly establish themselves in their new home. How this 
object can be realised depends on the description of the plants, 
their size, and the conditions of soil and climate. To meet the 
different cases, various methods of planting have been elabo- 
rated, of which only the most important will be indicated. 

* Pigs. 65 an.l 66 have been taken from Brades Co.'s Illustrated Catalogue. 
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Whatever the methods may be, the following rules for 
planting are of general application : — 

(1.) The plant should he placed in the ground to the same 
depth as that at which it stood in the nursery, allowing 
for a possible settlement of the soil. 

(2.) The root system should receive a natural position and 
not be huddled together, or bent to one side. 

The actual level at which the plants are placed depends on 
the climate and the nature of the soil. In tlie majority of 
cases, the plants are placed flush with the ordinai-y surface of 
the ground ; under a dry and hot climate, they are sometimes 
placed in pits or trenches previously dug at a level below the 
ordinary surface ; in wet or swam))y soil, plants are frequently 
placed on mounds or ridges. In either of these cases, the 
methods of planting remain the same, except in so far as the 
more limited space may necessitate slight modilications. The 
preparation of the trenches and ridges has been described 
above under Direct Sowing. There is, however, a method 
of mound planting on ordinary soil, which will be described 
separately. 

In planting, an opening is made in the ground into which 
the plant is inserted. The sise and shape of the opening 
depend on the nature of the plant and the tool used in 
making the opening. Accordingly, the following methods 
may he distinguished : — 

(1.) Planting with balls of earth. 

(2.) Planting without balls of earth. 
a. With hoe or spado. 

1. With peg or staff, 
c. Notching. 

(3.) Mound planting. 

1. Planting with Balls of Earth. 

Preparation oj the Plantuxj Hole . — This depends on the 
size of the ball, ymall and middle sized plants, lifted by the 
circular or semi-conical spade respectively (pages 191 — 2), are 
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placed into holes made with the same instruments ; such 
holes are wider than the breadth of the balls l^y the thickness 
of the iron, so that the plants can easily be inserted. 

For plants with large balls, the pits must be considerably 
larger than the balls ; they are made with the hoe or ordinary 
spade. % 

Putthuj in the Plant — The top of the ball should be on a 
level with the surface of the soil, except in dry localities, when 
it may be somewhat lower, so as to collect an extra supply of 
water near the plant. The 
interval between the ball and 
the walls of the pit must bo 
carefully filled up, either with 
earth, compost, turf ashes, or 
by pressing the soil down 
until the interval completely 
disappears. On dry soil, it 
is desirable to place two 
pieces of turf over the ball 
and the adjoining soil, so as 
to reduce evaporation and 
shrinking. 

Value of This 

depends in the fli'st place 
on the extent to which the 
root system is contain6<I in the ball. If, during the act of 
lifting the ball, considerable quantities of the liner roots 
have been severed (Fig. 67), the results may be disappointnig. 
Hence, young ball plants do better, comparatively si)eaking, 
than older and larger plants. 

Secondly, a thorough touch between the ball and the walls 
of the pit is essential to success ; it follows that ball plantings 
are better adapted to loose than to stiff soils ; the latter, as 
well as the ball, shrink during dry weather, so that frequently 
the ball becomes completely separated, and the plant dries up. 

On the whole, however, the method is one of the safest, and 
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is specially recommended for loose soils, frost localities, and 
where damage by cockchafers is apprehended ; in fact, for 
unfavourable localities generally. It is less suited for stony 
or stiff soils. 

The expense of planting with small ball plants is not high, 
but it increases rapidly with the size of the balls. In India 
plants are sometimes planted, in the nursery, into bamboo 
baskets, which are then planted out in the forest. 

2. Planting without Bali.s of Eaiitii. 
a. Plantimi with Hoe or SjJcide. 

Preparation of the Planting Hole. — After removing any 
covering which the soil may possess, the pit is made with 
the hoe, semi-circular or ordinary spade, if necessary with the 
pick. The size of the hole depends on the extent of the plant’s 
root system and the nature of the soil. If the latter is rich 
and fairly open, the hole need not be larger than the spread of 
the root system. On stiff soil, it is desirable to make the pit 
somewhat larger and deeper, so as to give an additional 
amount of working and loosening. On favourable soil, the pit 
may be made immediately before planting ; on unfavourable 
soil, it should be made in the previous autumn, so as to expose 
the earth to the effects of the wmiter frosts. The soil taken 
out of the pit should be placed in two heaps, the good soil 
being kept separate from the rest. 

Placing the Plant. — In placing the plant in the pit, it should 
be held in such a manner that the root system may assume a 
natural position, and then the earth is gradually filled in, so 
as to get well round the rootlets ; first pressed on gently, then 
somewhat more firmly, and finally pressed down with the 
foot. The best part of the soil should be brought into contact 
with the, rootlets, and the worst placed on the top. Manure, 
such as compost, turf ashes, etc., may be given ; it is placed 
around the roots. After the operation has been completed, 
the surface around the plant may be covered with turf, moss, 
or stones to assist in the preservation of moisture ; care must 
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be taken that the stones do not press against the stem of the 
plant. In dry localities, the pit may be made somewhat 
deeper and not altogether filled up, so as to collect water 
round the plant. 

Of special use during the operation is a small one-hand hoe 
(Fig. 68), which is used to break up the soil and to sci'ape it 
together and on to the plant. 

With a view to facilitating the oiieration, the pit is some- 
times given a vertical wall on one side against which the 
plant is held (Fig. 69), while the soil is placed round the root 



Pig. C8. 



Fig. 00. 


system; it has this disadvantage that the root system is 
pushed somewhat to one side, or flattened out. 

The operation, as above described, requires two persons, best 
a man and a boy ; the latter holds the plant, whilst the former 
fills in the earth. To obviate the employment of a second 
person, an arrangement, as indicated in Fig. 70, has been 
recommended. It consists of an iron rod fixed in the ground 
near the planting pit and bent at right angle over it. At its 
end it has a second elastic piece of iron, so that the stem of 
the plant can be pushed between the two, and the plant held 
in a suitable position. The advantages of the instrument are 
that the plant can be held in a vertical position, and that 
the planter has both hands free to operate with. The method 
can be recommended only in the case of large plants. For 
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operations on a large scale it takes too much time and the 
planting is too expensive. 

During the operation of planting, manure can be added. 
Biennans adds turf ashes prepared as shown on page 206. 
The method of planting is indicated in Fig. 71. The planting 
hole having been made with the semi-circular s^mde (Fig. 55 on 
page 193), a quantity of turf ashes is pressed against one side 




Fig,;70. 


(at a), then the plant is placed in the hole, a second handful of 
turf ashes pressed against it (at h), then the better part of the 
excavated earth is filled in and placed at c, and the rest of the 
hole, if any space should be left, filled up with the less good 
earth. Finally the earth is pressed together by placing the 
foot at d. 

Value oj Method . — It is simple and can be applied to any 
kind of plants, or any soil, except perhaps very wet or shallow 
soils. It is specially adapted for large plants, particularly 
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those with an extensive root system. The cost depends on 
the size of the pits. 

h. Planfinfi with Peg, Staff) or similar Tools. 

Planting with a peg is done in the ease of young plants, 
which have not as yet developed side roots of any length. It 
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is specially adapted for the cultivation of dry localities with 
plants which have been raised in such a manner as to develop 



Fig. 72. 




Fig. 74. 


long tap roots, to bring them into contact with moisture 
lodging at some depth. 

In order to guard against the plants being choked by weeds, 
it is frequently necessary to work the soil before planting, 
either entirely, or in strips or patches. This can be done 
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with a light plough or the hoe. In such eases, the area may 
be used for the raising of a field crop before planting. 



Pegs of various shapes are used, stich as the ordinary 
planting pegs (Pig. 72), the planting dagger (Pig. 78), 
Buttlar’s iron (Pig. 74), etc. The planting peg is constructed 
of wood ; Pig. 78 consists of a wooden 
peg with an iron coating up to the 
handle; Buttlar’s tool is made entirely 
of iron, the handle being covered 
with leather ; it weighs about seven 
pounds. 

When, using any of these tools, the 
planter holds a bundle of plants in one 
hand and the tool in the other ; he 
inserts the tool into the ground (Pig. 
75, a), takes a plant out of the bundle, 
holds it between two fingers, withdraws 
the tool, inserts the plant into the hole, 
re-inserts the tool in a slanting position 
(Pig. 76, h), and presses earth on to the 
plant by pushing the peg towards it. 
The second hole thus produced (Pig. 
75, c) can be filled up by inserting 
the tool a third time, or by pressing earth into it with 
the foot. 



Fig. 76. 
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In these plantings, the root should go down straight into 
the hole, and not be doubled up. To facilitate the operation 
of insertion, and to protect the fine roots against drying, 
they are frequently dijiped into soft mud as soon as they have 
been lifted. 

The method is cheap and of great despatch, especially if it 
is not necessary to work the soil beforehand. It is specially 
adapted for light sandy soil, less for stiff soil, or for a locality 
which is likely to be overrun by weeds. The plants should 




not be more than two years old, or else they will have 
developed too long side roots. Only seedling plants should 
be thus planted. 

Where deeper holes are required, or on stony soil, the 
planting staff (Pig. 76) may be used. It is a much heavier 
tool, weighing about eleven pounds, and two men, or a man 
and a boy, are required for the operation, one making the 
holes and the other inserting the plants. 
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<;. Notching/. 

This method differs from planting with a peg in the shape 
of the planting hole, which is that of a notch. The tools 
ordinarily used are the planting hatchet (Fig. 77), the notching 
spade (Fig. 78), and the ordinary spado. The hatchet is 
inserted into the ground with one hand and pulled out again, 
thus producing a notch, in which the jdaiit is inserted ; the 



notch is closed by knocking the adjoining earth into it with 
the thick end of the hatchet ; finally the soil is pressed down 
with the feet. 


The notching spade is wedge-shaped, and after insertion 
into the ground, an enlarged notch (Fig. 79) may be produced 
by swaying the spade to and fro. The tool requires two 
persons, one making the notches, and the other inserting the 
plants, filling in, and pressing down the earth with his feet. 
The common spade can be used in the same way as the 
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notching spade, but a much better shape is that exhibited in 
Fig. 80 {a, front view ; side view ; c*, section through, x — ?/). 
It is perfectly straight, with a sharp point which easily pene- 
trates into the soil. In using this spade, the notch generally 
has the shape shown in Fig. 80 d (exaggerated). The plant, 
after insertion into the notch, is securely fixed in the ground 
as indicated in the case of planting with the peg (Fig. 75), 
This spade is no doubt the best tool which has been con- 
structed for vertical notching. 

On stifi soil, the holes for seedling plants may be made with 



a hollow spade, like Eig. 81. It is not necessary to remove 
the ball of earth from the spade by hand ; by inserting the 
spade for the purpose of making a second hole, the ball of 
earth, taken from the previous hole, is ejected at the top, and 
can be used to fill up the hole aftenvards. The plant is 
inserted as before, and the hole is filled up and the soil 
pressed down firmly by means of a peg and the feet. 

In Britain, notching is done in a somewhat different 
way generally with the ordinary spade, so as to produce a 
T-shaped or a triangular notch, mostly the former. The 
spade is inserted into the ground (Eig. 82, a), and withdrawn ; 
hen itTs a second time inserted at right angles to the first 
insertion and at one end of it (Eig. 82 h); next the handle is 

Q 2 


228 


AETIFICIAL FOEMATION OF WOODS. 


bent backwards, thus raising and opening out the edges of the 
first notch (Fig. 82, c) ; then the plant is slipped in from the 
blade of the spade towards the far end of the first notch, the 
spade withdrawn and the soil jn'essed down with the feet, so 
as to cause the notches to close completely. The operation 
requires two persons, a man and a boy. 

The merits of ordinary notching are very much the same 
as planting with a peg. As regards the British method of 
notching, it must be noted that the root system obtains an 
altogether unnatural position, it being completely pressed to 
one side (compare Fig. 61, J>, on page 212). It has already 
been pointed out that often many yeai's pass before this 
drawback is overcome. The system as practised in Britain 
can yield satisfactory results only under a favourable climate 
and in the ease of certain species. It is chieliy employed in 
planting Scotch pine and larch plants two to four years old. 

8. Mound PnAN'riN(i. 

Apart from wet and swampy localities, planting is sometimes 
done on mounds, instead of in pits. 

The mounds are formed either by scraping together the 

ordinary soil, or by depositing a 
basketful of specially prepared soil 
at regular intervals. The plant 
is inserted into an opening pro- 
duced in the centre of the mound, 
and then the soil pressed round 
the roots until the mound has been 
re-formed. Finally the mound is, 
whenever practicable, covered with turf, to protect it against 
rapid drying. For this purpose, two pieces of turf are placed, 
one on the shady side(('t), and the other on the sunny side (h), 
so that the latter overlaps the former (Fig. 83). In the 
absence of turf, stones may be placed on the mound. 

The method is only suited to plants with a shalfow root 
system, if the mounds are to be of moderate size. It has 



Fig. 83, 
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yielded good results on gravel or hard clay, where the striking 
of the plants under ordinary planting would have been 
doubtful. The expenses are higher than in the case of pit 
planting, but not by very much, since the method contemplates 
only small mounds. 

Where mound planting is adopted against an excessive 
degree of moisture in the soil, the mounds must be consider- 
ably higher and larger than in the method just described. 
The expenditure is further increased if the planting is done on 
continuous ridges, prepared as described on page 143. 

D. Planting of Slips, Layers and Suckers. 

Plants of these kinds are used in the case of species 
which do not readily seed, or the seed of which germinates 
indifferently, or for the purpose of obtaining at once plants of 
some size. Such methods are only auxiliary in temperate 
Europe, except in the case of willows and poplars. 

1. Slips. 

A slip or a cutting is a rootless plant, which consists of a 
piece of young green wood taken from the stem or a branch of 
a rooted plant; when inserted into the ground, it develops roots 
and crown. Poplars and willows are grown in this way. 

Slips may retain the leading shoot or be truncated. The 
former consist as a rule of stool shoots; the latter can be 
taken from stool shoots or from the branches of older trees, 
their length differing from a few inches up to ten or more 
feet. 

In some cases, slips are in the first instance placed into 
nurseries, until they have become rooted, but they are generally 
planted out at once in the forest. The insertion into the 
ground can be done in various ways, such as placing the slips 
in furrows and covering them by drawing a second furrow 
with the plough ; or they may be placed in ditches, trenches, 
pits, or each slip simply pushed into the ground to the 
required depth. 
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When entire slips are used, only the lower portion is inserted 
into the ground ; of truncated slips only a sinall part remains 
above the surface. In order to ensure striking and a proper 
development, the ends of the slips should be cut sharply and 
smoothly in a slanting direction, and each truncated slip must 
contain some buds, of which at least one, or better several, 
jmust be above ground. It is also essential that the bark 
• should not be injured at the ends ; hence, pushing the slips 
into the ground without a previous opening is only admissible 
in very loose soil ; in all other cases they should he planted 
with a special iron dibble. 

The best time for jilanting slips is early spring, shortly 



before the buds begin to swell, though, under favouralde circum- 
stances, the slips can bo planted at otlujr times, even during 
the growing season. The roots formed after planting come 
from the callus produced at the lower end or from the lenticels 
in the bark. 

In England, the stools of osiers are recruited by slips, which 
are mostly entire; they are planted iromodiatoly after the 
osiers have been cut, usually in December. On the (Jontinent, 
truncated slips are used in preference. 

2. Layers. 

Layers are branches, or stool shoots, which have been bent 
down and partly buried in the soil ; they develop roots at the 
buried portion, and when this has taken place, they are severed 
from the mother tree and represent independent plants ready 
to be put out. The formation of roots may be expedited by 
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removing some of the bark of the layer below ground on the 
side of the parent tree. 

Where large numbers of layers are required, the most suit- 
able plan is to produce stools which send out numerous shoots. 
Bach of these shoots is then bent back and fastened into the 
ground, where it remains until rooted (Pig. 84). In England, 
lime and elm are generally propagated in this manner. 

3. SUCKEES. 

The root, from which the sucker has sprung, is cut through, 
clean and slanting, on both sides of the base of the sucker, the 
latter lifted out of the ground and put out into the forest. 
The method is rarely used, as disease is likely to be introduced 
through the cut ends of the root. 

In some cases, pieces of roots are planted out which produce 
roots and shoots. 

Note . — Grafting and Budding, being outside practical silvi- 
culture, have not been dealt with in this volume. 
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NATURAL REGENERATION OE WOODS. 

Natueil regeiieraliion can take place l)y seed, or by shoots 
and suckers. Accordingly, the subject may be divided into 
two parts. Eegenoration by seed is applicable to all .species; 
that by shoots and suckers applies only to broad leaved species, 
since the power of reproduction of conifers by shoots is either 
absent altogether, or at any rate so feeble that it i.s useless for 
silvicultural purposes. 

SECTION I.-NATUBAL REGENERATION BY SEED. 

By natural regeneration is understood the formation 
of a new wood by the natural fall of seed, which germinates 
and develops into a crop of seedlings. The trees which yield 
the seed are called the another trees ; they may stand either 
on the area which is to be re-stocked, or on adjoining ground. 
Accordingly a distinction is made between — 

(A.) Natural regeneration under a shelter-wood ; 

(B.) „ „ from adjoining woods. 

A. Natural Regeneration under a Shelter-wood. 

The area is stocked with seed bearing trees, and the new 
generation springs up under their shelter ; for some time, at 
any rate, the area under regeneration hears the new and part 
of the old crop. 

The system is that which occurs in primeval forests. When 
a tree falls from old age or other cause, and an opening is 
thus formed in the cover overhead, the seeds falling from the 
adjoining trees germinate and develop into seedlings ; these 
grow up under the shelter of the older trees or between them, 
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until they in their turn become mother and shelter trees. In 
this manner, primeval forest, if undisturbed, goes on regene- 
rating itself for generations. The process is a slow one, as the 
young crop will develop only when sufBeient light is admitted 
by the fall or death of the old trees. In silviculture, it is 
accelerated by the artificial removal of a portion of the old 
trees when they have become fit for economic purposes. By 
degrees, modifications have been introduced, which have led 
to a number of distinct methods. Of these, the following 
demand special notice : — 

(1.) The Selection System.* — The age classes are evenly, or 
approximately so, distributed over the whole area of the forest. 
Throughout its entire extent the oldest, largest, and diseased 
or defective trees are year after year, or periodically, removed, 
followed by the springing up of new growth in small patches 
or single trees. 

(2.) The Group System. — The age classes are distributed 
over the forest in groups of moderate extent. The oldest 
groups are regenerated first, then the next oldest, and so on, 
until the whole forest has been gone over. Some modifica- 
cations of this system have been introduced, which will be 
explained further on. 

(3.) The Compartment or Uniform System.^ — The age classes 
are so far separated that each occupies a distinct portion of 
the area, representing an even aged, or approximately even 
aged, wood. Each wood comprises one or more compartments, 
and either the whole, or one compartment at a time, is 
regenerated uniformly over the area, so that the old crop is 
replaced by a young, fairly even aged wood. 

(4.) The Strip System. — This is a modification of the com- 
partment system, each compartment being divided into a 

• The term selection system was introduced in India ; it is perhaps not an 
ideal term, since a certain amount of selection is practised in all systems ; it 
has been retained, as none better is at present available. The system is called 
Femelbetrieh, or JPlanterietrieh, in German, and Jardlnage in French. 

t Schlagweiser Setrieb in German, and mitlicde par cotipcs svcccsshrs in 
French. 


234 


NATUBAL B.RrTRNERATION OF WOOBS. 


number of strips. As it differs from the compartment system 
in some respects, it will be dealt with separately. 

(5.) Comhinaiion. of the Group and Stri}> Si/ntema. 

The limits between the several systems are not always clearly 
defined, as will be seen further on, but there aro certain 
general conditions of success which hold good for all. Amongst 
these the following may be mentioned : — 

(1.) The mother trees must bo capable of producing good 
seed in sufficient quantity. 

(2.) The .soil must be in such a condition that it fonns a 
good germinating bod. 

(3.) The young seedlings must have sufficient light to grow 
up, and yet, if tender, they must bo protected against 
external injurious influences. 

(4.) The fertility of the locality must Iks duly preserved by 
protecting the soil against the csxcoHsive action of sun 
and air currents. 

These conditions, if not naturally existing, must bo pro- 
duced by timely and judicious interference. The measures 
adopted for the purpose consist in — 

(a.) Cuttings so executed that they produce the desired 
conditions. 

(6.) Artificial preparation of the germinating bod, if this 
should be necessary. 

The several systems comply with these conditions in varying 
degrees. In order to bring out the general characteristics of 
the methods, it is desirable to commence with a description of 
the compartment system. 

1. The Oompautment ob Uniform System op Natural 
Regeneration under a Shelter-wood. 

The regeneration occurs approximately at the same time 
and uniformly over a whole wood, or age class, which, for 
convenience’ sake, is here called a compartment. The area 
treated at one time is called the regeneration area. The new 
crop should he created, if possible, by one seed year over the 
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whole regeneration area ; this, however, succeeds only in 
exceptional cases, so that, as a rule, two or even more seed 
years are required to complete the regeneration. As a 
consequence, the regeneration jirocess may extend over a 
term of 5, 10, 15, and sometimes more years, resulting in a 
new crop which is only api)roximately even aged. 

The cuttings are made from time to time as required, and 
so that the old or shelter-wood gradually makes way for, and 
is replaced by, the new crop, the process being as uniform as 
practicable over the whole regeneration area. The successive 
cuttings are, for convenience’ sake, generally arranged into 
three groups, each of which represents a distinct stage, 
namely, — 

(a.) The preparatory stage. 

(&.) The seeding stage. 

(c.) The final stage. 

Theoretically speaking, the preparatory and final stages each 
comprise several cuttings, and the seeding stage only one, 
but their actual number depends on the circumstances of 
each case, as will be seen from the description given below. 

a. Preparatory Htagn. 

There is a time in the life of every wood which is most 
favourable for natural regeneration ; it occurs generally 
towards the end of the principal height growth, but differs 
somewhat in accordance with the species and the condition 
of the locality. That time is, theoretically speaking, the best 
for the process of regeneration, but other important considera- 
tions may not always permit of this particular period being 
taken advantage of. In many eases, the trees at that time 
have not reached a profitable size for economic purposes; 
hence, they must be allowed to grow on for a series of years, 
and thus paps the most favourable period. In other cases, 
where only small material is required, the objects of manage- 
ment may demand cutting over before the most favourable 
period for regeneration has been reached. 
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Every sucli deviation creates obstacles to successful regenera- 
tion. Either the trees are not in the best period of life for the 
production of good seed in sufficient quantity, or the soil is 
not in the best possible condition to serve as a germinating 
bed. It is the object of the pi-eparaUmi cuttinga to counteract 
these and other drawbacks, which require to be more fully 
explained. 

i. Preparation of a Suitable Seed Bed . — Thcj soil must be 
brought into a condition which ensures a proper germination 
of the seed, and enables the seedlings to reac.h the mineral 
soil with their rootlets within a reasonable lime ; it must be 
suitably porous and moist. The necessary measures to ensure 
this depend on the condition of the wood, and on the nature of 
the locality. 

In the course of a rotation, crowded woods produce con- 
siderable quantities of humus, which decomposes at a quicker 
or slower rate according to species and otlier circumstances. 
Where, on approaching the period of regeneration, the layer 
of humus and leaves is so thick that seedlings cannot reach 
the mineral soil within a few weeks after germination, or if 
the humus has become acid, it must be reduced before 
regeneration is attempted. This is donfs by removing some 
of the trees, thus interrupting the cover to a moderate degree, 
and admitting the sun’s rays and a more active circulation of 
air, which cause an accelerated decomposition of the humus. 
The severity of the cutting depends on the original density of 
the leaf canopy ; dark cover overhead demands a heavy cutting, 
a thin cover a light cutting or none at all. It also depends 
on the nature of the soil ; over limestone the humus 
decomposes rapidly, on cold heavy soil slowly. Again, the 
leaves of some trees decompose more rapidly than those of 
others. 

Situation and the local climate must also be considered. 
Where the degree of moisture in the soil and the air is high, 
decomposition proceeds at a slow rate; such localities are high 
utuations, northern aspects, moist valleys, the shores of lakes 
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and the sea. In all such cases, the preparatory cuttings must 
be comparatively heavy. 

On the other hand, in localities which are liable to be 
overrun by a heavy crop of grass or weeds, the cuttings must 
be light, or else the young seedlings, if they appear at all, will 
be choked. 

Generally, the most suitable condition for germination has 
been reached when the covering of the soil has been so far 
reduced that the mineral soil can be seen here and there 
through it, without being altogether exposed ; the seedlings 
will then be able to establish their rootlets in the mineral 
soil at an early stage, and thus escape the danger of being 
killed off by a subsequent spell of dry weather. If, at the 
conclusion of the preparatory stage, this condition has not 
been reached, a portion of the humus and leaves or moss may 
have to be removed artificially, or mixed with the mineral 
soil below. 

In some cases, the vegetable covering of the soil has been 
too much reduced by a premature interruption of the leaf 
canopy, so that the most favourable condition of the seed bod 
is past when a seed year comes, the soil having become hard 
and dry, or overrun by grass and weeds. In such cases, 
further cuttings would only increase the evil, and must there- 
fore be omitted ; a suitable seed bed is in that case secui'ed 
by working the soil immediately before or after the seed falls. 
The working of the soil may consist merely in removing the 
weed growth, or in hoeing it up either entirely or in strips or 
patches, causing it to be broken up by pigs, raking, har- 
rowing, or even ploughing it with a forest plough. Generally 
speaking, this operation is known as ^^ivounding the soil,'' 
and is considered a most important cultural measure. At the 
same time, it is expensive and should be executed only when 
necessary. 

ii. Strengthening the Shelter Trees . — After the ground has 
actually become stocked with seedlings, only a certain number 
of the trees, which formed the original wood, will remain on 
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the ground to afford shelter to the young crop and the soil. 
If all the rest of the wood were removed at one cutting, so 
that the above-mentioned shelter trees were suddenly bi'ought 
from a crowded into a comparatively open position, they 
would probably be thrown by the first gale. To avoid this, 
they must be placed only gradually in a mores open position, 
so as to obtain a firmer hold of the ground. This is done by 
the preparatory cuttings. It follows that, from this point of 
view, the preparatory cuttings are of more importance in the 
case of shallow-rooted species and very dfuisc woods, than 
under opposite conditions. 

The trees which are to form the ultimate shelter- wood must 
be selected from the -beginning; they should be healthy trees 
with medium crowns, likely to produw! secul in suHicient 
quantity, in case the first seeding should fail. 

iii. Stbmdatiiuj the Prodiiciioii n/' iSVcd. I’hudng the trees 
in a more opeir position has gentirally a beneficial effect upon 
the production of seed, but this cannot always be relied on, as 
frequently such a measure is followeil l)y increased production 
of wood instead of seed. 

iv. 1 tintributioii of the ]’iel<l. — If forest trees wore in the 
habit of producing seed regidarly every ytiar, arrangements 
might be made to place annually a suitable artia into the 
seeding stage, and thus distribute the cuttings equally over 
successive years. As, however, most forest trees produce 
abundant seed only after irregular intervals, it is necessary 
to take full advantage of every such opportunity to bring 
as large an area as possible into the seeding stage. If no 
preparatory cuttings had been made, such a treatment would 
lead to an excessive yield in every seed year, and little or no 
yield in other years. Hence, preparatory cuttings fulfil the 
further duty of assisting in the proper distribution of the yield. 

V. Number and Character of Cuttitujs . — Whether the pre- 
paratory stage should comprise one or several cuttings cannot 
he determined beforehand ; it depends on the circumstances of 
each case. Bometimes such cuttings are altogether unnecessary 
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or undesirable, in others one cutting suffices, and in others 
again, two or even more are required. 

The period over which the preparatory stage extends com- 
prises sometimes only one or a few years, at other times as 
much as ten or even more years. In the latter case, the cut- 
tings should be light and frequently repeated. Generally, the 
cover should not be interrupted to any considerable extent 
during the preparatory stage, except, perhaps, towards the 
end of it. 

In selecting the trees to be cut during this stage, a com- 
mencement is made l)y the removal of diseased trees, and all 
species not required or desired for reproduction ; then trees 
with bad crowns are chosen, followed by those with excep- 
tionally broad crowns, care being taken throughout that the 
trees destined for the ultimate shelter- wood are as evenly as 
possible distributed over the area, and give the shelter required 
for the species under regeneration. 

Instead of a separate preparatory stage, the desired effect 
can be produced by gradually increasing the strength of the 
thinnings during the last third or quarter of the rotation, so 
as to produce by degrees a moderate interruption of the cover. 
In this way, the thinnings gradually assume the nature of 
preparatory cuttings. This method is probably the best for 
bringing the soil in the desired condition to act as a'germi- 
nating bed, while it affords to the final crop the best possible 
conditions for healthy development. It requires the constant 
attention of the forester. 

/n Seediiifj Btaije* 

If the process of preparatory cuttings has taken its 
regular course, it will result in the locality being gradually 
brought into a condition fit to produce a new crop, which 
springs up and occupies the ground. Such is, however, 
rarely the case in practice, because the seed years come at 
irregular intervals ; hence, to avoid the risk of opening out 
the old wood too early, it is desirable to hold back a little with 
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the preparatory cuttings. When a seed year actually comes 
the regeneration area frequently is not quite ready for it and 
1 IS found necessary to make an additional cuttinir called 

th« By thi» »n « 

removed whmh are not required otlerwerde lor ehelto or He 
further production of seed. 

It is evident that the naarking of the seeding cutting should 
be done only when the seed is actually on the trees and suffi- 
eiently advanced to be depended on. The cutting can be made 
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sufficient shelter left to act beneficially upon the general 
factors of the locality. 

It will easily be understood that, apart from the species, 
the density of the shelter-wood depends on a variety of 
circumstances, such as the following : — 

i. Condition of the Locality, — The shelter-wood should 
afford protection against the drying up of the soil, frost, cold 
winds, growth of weeds, and perhaps also against damage by 
insects. In localities where the young crop is threatened by 
one or more of these dangers, the shelter-wood must be kept 
dark; such localities are poor, loose, stony soils, southerly 
and westerly aspects, steep slopes, localities exposed to dry or 
cold air currents, or to great changes of temperature in spring 
resulting in late frosts, those inclined to a strong growth of 
weeds, especially calcareous soils, where wind falls arc appre- 
hended, or where cockchafers and other insects are likely to 
settle. Where the opposite conditions prevail, in other words 
on generally favourable localities, the shelter-wood may be 
less dark, with a comparatively light cover overhead. 

ii. Density of the Shelter-wood.— Old trees have compara- 
tively denser crowns than younger trees. Tall trees give less 
shade than short ones. Both circumstances must be considered 
in determining the number of trees to be left for the shelter- 
wood, so as to produce the desired density. 

iii. Degree of Preparation arrived at during the Preparatory 
Stage. — The higher that degree, the lighter may be the 
shelter-wood, other conditions being the same. Whenever 
the preparation has been insufficient or faulty, it is desirable 
to keep the shelter-wood comparatively dark, because the 
seeding may fail or be incomplete, so that a second seed year 
must be awaited, before the area becomes completely stocked 
with a new crop. 

iv. Species. — Above all, the nature of the species determines 
the density of the shelter-wood. Tender species, especially 
those of slow growth during youth, require a dark shelter- 
wood ; hardy, light-demanding, quick-growing species, a much 
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lighter one. In the easts of the latter, the distance of the 
shelter trees may bo govermsd only by the distance to which 
the seed is naturally disseminatod. 

V. Gencralli/.—Thi'. cover of the shelter-wood should be as 
even as possible throughout, whenever the conditions are 
uniform over the wliole regeneration area ; if tlusy differ from 
place to place, the shelter-wood must bn arranged so as to 
suit the changes. Along the edges of the wood, especially 
where exposed to dry, cold, or strong air curniiits, the shelter- 
wood should be hept darlc, and it nuty evtui be. iHicessary to 
provide beforehand a Hi)ecial sholtcsr belt. 

As already indicated, tlio slielhir-wood slmuld consist of 
healthy trees with moderato-Hir.od (!loval(‘<i crowns. If trees 
with low crowns have to be sehicttHl, it is useful to prune the 
lower brandies away to a height of 15- 20 feet. 

The time for making the seeding cutting may bo, as stated 
above, shortly before, during, or after tho fall of tlio seed ; 
it must he concluded and ail the mutiirial removed before 
the seed begins to germinate. In felling the tnais, care 
must bo taken not to injure those which remain as the 
shelter-wood. 

The proper time has now arrived for (amsidering whether 
any artificial working of the soil is reijuired, Khould this be 
the case, it can be done as indicated on page KM. Where 
root wood is saleable and the removal of the stools desirable 
on other grounds, the trees to he felled in the seeding cutting 
may be grubbed out, thus ensuring a eonsiderahlo amount of 
working of the soil. 

If the working of the soil is dona after llio seed has actually 
fallen, the latter is thereby brought into the ground. Th| 
depth of such working depends on the nature of the seed ; it 
may be deeper for large seed, such as acorns, beechnuts, and 
chestnuts, but it must be shallow for small seeds. At this 
period, the question what to do with any advance growth must 
also be decided. Many foresters clear it away, so that the 
young crop may be as uniform as possible ; others leave 
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really healthy groups of ’it to form' part of the new wood ; 
ordinary underwood of other species must be removed. 

From this time forward, the regeneration area must be care- 
fully protected against the removal of litter, cattle grazing, and 
grass cutting. 

c. Final Stage. 

The final stage comprises the period from the execution 
of the seeding cutting until the removal of the last part of the 
shelter-wood. 



Fig. 86. — Ucgouomtiou has been effected. Young crop two years old. 


The principal objects of the shelter- wood, after the ground 
has been stocked with a crop of seedlings, are to protect the 
young growth against various dangers and to preserve the 
activity of the soil until the new crop can undertake that duty. 
At the same time, the shelter-wood will act obstructively as 
regards the admission of light and precipitations, and therefore 
it must not be left longer than is actually required. Its 
removal is effected so as to meet these various requirements, 
by one or several successive cuttings executed at intervals of 
one, two, or more years. The rate at which, or the time 
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cm clear cuttings. 



THE COMPAETMENT OE UNIFOEM SYSTEM. 


245 


V. Light . — As regards light, most species could dispense 
with the shelter-wood altogether, were it not required on 
account of other considerations. In the case of some species, 
a free admission of light is absolutely necessary shortly after 
the new crop has sprung up ; others will bear a certain 
amount of shade, but only for a limited period. 

vi. Generally . — Prom what has been said it will be seen 
that the forester has to choose between various evils when 
deciding on the proper density of the shelter- wood in the final 
stage ; he must ascertain which of these contradictory demands 
are the strongest, and act accordingly. On the whole, he will 
do well to follow a middle course. Too heavy cuttings at one 
time are liable to cause excessive damage to the new crop. 

Although, under these circumstances, it is hnpossible to give 
a definite rule for the number and strength of the cuttings in 
the final stage, it may bo useful to give the following direc- 
tions : a lighter shelter-wood is indicated oir north and east 
aspects, in localities with a short vegetating season, such as 
high altitudes, localities not exposed to cold winds or to i-apid 
weed growth ; a darker shelter- wood is desirable in frost 
localities, on south and west aspects, and where a luxuriant 
weed growth may be expected. 

Above all, the strength of the cuttings in the final stage 
must be governed by the rate at which the young crop 
develops. Where it is coming on well, showing strong 
shoots with fresh green foliage and full buds, the shelter- 
wood is sure to possess the right degree of density ; if, on the 
other hand, the new crop consists of weak plants with feeble 
crowns, pale foliage, and thin buds, the shelter-wood requires 
thinning. 

As regards the severity and nmnher of cuttmgs, it may be 
given as a general rule that a gradual change from a dense to 
a thin shelter-wood is the best mode of procedure. Where 
extensive areas have to be dealt with, such a constant atten- 
tion to each wood is not always practicable, and the number 
of cuttings must be limited and distributed at intervals of 
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several years. The first cutting in the final stage is generally 
made when the young crop is two or three years old, the 
others following at similar intervals according to require- 
ments. The last cutting, or final clearing, must not be 
delayed too long, as a thin sprinkling of shelter trees may 
do more harm than good. 

The distribution of the yield over the several years and the 
state of the market frequently interfere with the timely execu- 
tion of the cuttings. Similarly, the occurrence of a seed year 



Pig. 87.— Regeneration in the Final Staga Young Crop twelve years old. 


may necessitate a suspension of cuttings in the areas stand- 
ing in the final stage. These matters are not conducive to a 
healthy development of the young crop, but the drawback is 
to some extent compensated by the heavy increment laid on by 
the shelter trees, which increase rapidly in size and value. 

The absolute duration of the final staye differs considerably 
according to species and the special conditions of each locality. 
In the case of some light-demanding hardy species, and in 
favourable localities, it may not be longer than from three to 
five years, while it may extend over 10, 15, and more years 
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in the case of tender species, in unfavourable localities, 
and where the object is to increase the size and value of the 
shelter trees in their roomy position. 

In executing the fellings in this stage, special care must be 
taken to avoid injuring the young growth. The trees must be 



Fig. 88. — Mature Beech Wood originated by Natural Bcgoncration. 


lopped, if necessary, before felling, and they must be thrown 
in that direction in which they are likely to do least damage. 
Fellings should not be made during frost, unless deep snow is 
on the ground, as the young growth is then very brittle. The 
material must be taken out of the wood by means which cause 
a minimum of damage, and, if possible, before the next growing 
season commences. 
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If, after the removal of tlie last shelter trees, blanks of 
appreciable extent exist, they must be artificially filled up by 
planting strong plants on them, and in some cases perhaps by 
sowings. 

d. Marldiuj the Trees for Removal. 

What has been said above shows clearly that tlie success 
of natural regeneration by seed under a sholter-wfiod depends 
chiefly on a suitable composition of the latter during the 
several stages of the rogenei-ation period, in otlier words, on a 
careful selection of the trees to be nsmovod. Except in the 
case of experienced foresters, this must be carried out when 
the effect of the removal of a portion of the trecis {‘an be best 
judged, namely, when the trees are in leaf, fn the case of 
evergreen species, the marking can lie done at any time, but 
in woods containing deciduous species tlie marking sliould be 
done in summer or early autumn before tlie leaves fall. In 
carrying out the marking, only a narrow strip should betaken 
in hand at a time, and the business should bo supervised by a 
competent and responsible forester. 

2. The Strip System of Natuirat, Erounhration under 
S niiLTEK-WOOnS. 

As already mentioned, this system is a modification of the 
compartment system. Instead of conducting the regeneration 
process uniformly over a whole wood or compartment, the area 
is divided into a number of narrow strips which are taken in 
hand, one by one, at such intervals that generally three strips 
are under regeneration at one and the same time ; one being 
in the final stage, one in the seeding stage, and a third in the 
preparatory stage. As soon as one strip has boon completely 
regenerated a fresh strip is taken in hand, and so on, until the 
process is gradually extended over the whole compartment or 
wood. In the appended Pigs. 89 and 90, the strip marked / 
is in the final stage, that marked s in the seeding stage, the 
one marked p in the preparatory stage, and the rest of the 
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area marked n is forest as yet untouched. The process of 
regeneration in each strip is the same as that described in the 


North. 



% p .S' f 

South. 

80 . 


North; 



SouTir. 
Eig. 00. 


case of the compartment system ; there are the three stages, 
one following the other. 
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Nothing definite ean be said regarding the breadth of the 
strii^s ; it depends on the species and the local conditions. 
Those who advocate the system say that, ordinarily, the 
breadth should not exceed the height of the trees. There is 
no limit to the length of the strips ; they need not be straight, 
in fact they will frequently bo curved. 

The operation should generally commence on that side of 
the wood which is opposite to the prevailing wind direction; 
this rule may bo overridden by otlusr considerations, for 
instance, an unfavourable distribution of the age classes. 
In some cases the wood may, if necos.sary, be attacked in 
two or more places at the same time. 

Nor the rest, little or no difforonce exists betwc'on this and 
the compartment system, c.xcept that tin; total ar(ia under 
regeneration is less concentrated in the forme.r. On the other 
hand, loss harm is done, if the regeneration Hlu)uld fail. 

3. The Group System of Natural Bboeneration unbbr 
SlIBLTEB-WOOnS. 

It a forest is naturally nsgenoratod under the compartment 
system it may happen that, after the soiul cutting, the area is 
not, or only partially, stocked with a now crop. A second 
seed year must then bo awaited, and in the meantime, the 
cover having been thinned, the soil may suffer considerably 
under the additional admission of light, so that it may not 
present a fit germinating bed when the second seed year 
arrives, hlxtensive working of the soil or artificial formation 
has then to step in. With the view of reducing this di'aw- 
back to a minimum, foresters hit upon the idea of taking in 
hand in the first place only certain limited groups, scattered 
over the compartment; when these have been successfully 
regenerated, a second set of groups is taken under regenera- 
tion, and so on, until the whole compartment, or wood, has 
been dealt with. In practice, the system has been further 
modified : certain groups, as before, are taken in hand, and 
when these have been regenerated, they are gradually enlarged 



THE GROUP SYSTEM. 


251 


by regenerating successive narrow bands around them, and 
this process is continued until the several groups merge into 
each other (Figs. 91 and 92). The time required for the 
completion of the process in each wood, or compartment, is 
considerably longer than under the compartment system, and 
generally a period of 30 or more years, according to species 
and local conditions, is required. 

A wood, while being regenerated under this system, presents 
a varying picture ; some parts of it have been completely 
regenerated, others are more or less advanced in the process, 
and others again are as yet untouched with a complete cover 
overhead. When the whole process has been completed, the 
young wood consists of trees varying in age by 30 or inoro 
years, according to circumstances ; it is an uneven aged wood. 

a. Selection of Groups. 

The time when the different parts of the wood are attached 
depends eliiefly on the following considerations : — 

i. Advance Growth . — In almost every mature wood, groups 
of young growth are found, which have sprung up, here and 
there, before the regeneration cuttings have been commenced ; 
such young growth is called “advance f/rowth." Under the 
uniform system it is not much valued, partly because it gives 
the young crop an uneven character, and partly because, 
having stood for some time under the shade of the old crop, 
it is not always capable of developing into healthy full-sized 
trees; hence, it is frequently removed altogether to make 
room for a uniform new crop. Under the group system, all 
patches of advance growth, which are still healthy and capable 
of developing into full-sized trees, are carefully husbanded. 
They form the nuclei of the first regeneration groups ; the 
old trees standing over them are removed when no longer 
required, then the groups are enlarged, as indicated above, 
by gradually cutting away the immediately adjoining trees in 
narrow bands until they merge into each other. 

The question, whether groups of advance growth shall be 
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retained or removed, requires careful consideration As « 
general proposition, it may ).e said tliat advance Growth 1 I 
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adjoining younger growth. Isolated individuals will grow 
into branchy trees of inferior value; hence, the area of the 
group should not be less than a certain minimum. Unless 




h ig. 92. Klevation of a section along a hot Fig. 91, in four 
successive stages. 

the group is still fairly young, its area should not be less than 
500 square feet.^ Advance growth which does not comply 
with these conditions had better be removed. Very old 
advance growth can, however, first be used to act as a shelter- 
wood for a new crop, before it is cut away. 

Speaking generally, advance growth which is more than 6 
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to 8 feet in height had hotter bo removed. If it is, neverthe- 
less, decided to retain it, then fast-growing species must be 
planted around it, which are likely to catch it up. Latterly 
the Vancouver variety of Douglas fir has come much into 
favour for this purpose. 

ii. Diferences of Growth, Cover, and -Species.— Many 
old woods are naturally of uneven age. In such cases, the 


fe. » .—1 lowing a group in hoight ivmn i\m loft to tho 

and aino lowaniH thti l'ori*grot3i)tiii. ^ ’ 

oldest parts are first takem in hand, followed by the next age 
gradation, and so on. ° 

Again, certain parts, for one reason or another, have not 
kept pace m development with the rest, nor are they likely to 
make up for it. ^ Tlioy should he taken in hand early, so as 
to avoid loss of increment. 

Ireyuently, certain parte have thinned out naturally, 

0 y an interruption of the leaf canopy; they must 

be attacked first of all. 



Fig. 1)4. — Showing a group with its height decreasing from right to loft, 
joining a second group on the left. 


surface configuration, aspect, and the character of the soil, 
inviting a change of treatment and an earlier or later 
commencement of the regeneration process. 

iv. Generally . — It is clear that in many woods the most 
suitable moment for regeneration does not occur at one and 
the same time over the whole area, thus offering sufficient 
room for a suitable selection of groups in which the process 
of regeneration should commence. 

Where the cover overhead is still complete and no advance 
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growth has made its appearance, regular preparatory and 
seeding cuttings are made in sehictfi.l spots, so as to create 

groups of now growth which form the centres of subseouent 
operations. ^ 

h, of livffrnvTdtion. 

This is, in principle, the same as that described under the 
compartment system ; there are pn^paratory, seeding and final 
cuttings, but they are not always quite* distinct, and frequently 
the preparatory or seeding cutting, or both, are unnecessary 
Over advance growth, for instance, tin* first two stages am 
already past, and the final stage hIoik! lUiinains. 

Frequently, a seeding cutting or a final (dtmring in one 
group admits sufficient light into an adjoining one to act 
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tlie rish^t'aml pmwl(lar(l'^Tm\w ion coiimuinccd on 

riS'l.t iniH boon .d^lXr ^ 

as a preparatory cutting for it. The result is that the top of 
a wood regmnerat(Kl in this way shows a w.rvy surface, as 

aL°IdVed^'^^'’ ‘“id 94 

4. Combination of tub Guon,. and Bthib Hystkmh. 
With a view to concentrating operations, the group and 
• T' f C'ombineil. The compartment, or 

Znr«?i ycjnorally on that opposed to 

p V 1 mg wind direction, hy regenerating groups scattered 
er a s rip , then further groups are taken in hand, going 
deeper and deeper into the wood. When the process of 
regeneration m the original groups is sufficiently advanced, 
e remaining shelter trees are removed in strips, so that the 
process presents a picture like that represented in Fig. 95 . 
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5 . The Selection System: of Natiteal Ebgbnbration 
UNDER A Shelter-wood. 

Theoretically, regeneration goes on in all parts of the 
forest by the removal of the oldest, largest, diseased or defec- 
tive trees, wherever they are found. No part of the forest is 
ever at rest ; advantage is taken of all seed years for the 
re-stocking of small holes cut into the cover here afid there 
by the removal of one or a few trees. Of the large quantities 
of seed, which fall annually or periodically to the ground, 
only a small portion finds conditions favourable for the 
development of young trees ; the latter are found chiefly in 
those parts where old trees are standing, or where the cover 
has been interrupted. Here little groups of seedlings spring 
up, which must be assisted by cuttings to afford them the 
necessary light. Such cuttings are the only regeneration 
cuttings made under the system. 

When an extensive area is treated under this system, it is 
frequently divided into a number of blocks, one being taken in 
hand every year. In this way, cuttings are made in each block 
at regular intervals. In the beech forests of Buckinghamshire 
it is usual to cut according to the selection system every 7 — 12 
years ; in the Teak forests of Burma, every 20 — 30 years. It 
stands to reason that in such cases the number of trees 
removed must be proportionate to the interval between every 
two of them. 

6. Comparative Merits op the Pour Systems of Natural 

♦ 

Regeneration under Shelter- woods. 

Each of these systems has certain advantages and draw- 
backs which it is useful to bring out and compare. The 
result will be to show that, under a given set of conditions, 
any one system may be preferable to the others. 

a. The Compartment System. 

(1.) The business of regeneration is concentrated on a 
limited portion of the total area, and it is completed within 
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a comparatively short space of time. It follows that super- 
vision is easier, and that it can bo more effective, all other 
things being ecpial, than when the work is spread over a 
number of disjointed groups or strips. 

(2.) The material to bo removed at one time being collected 
within the smallest space, more satisfactory and cheaper 
means of export are admissible than under opposite condi- 
tions. lloiids, slides, and other means of transport are of a 
minimum length, and their construction and annual re2)airs 
are less expensive than in the other .systems. 

(3.) Lateral shade is le.ss likely to injure a young crop 
demanding full enjoyment of light. 

(4.) Linder tho system, a whole wood, or (:onij)artnient, is 
treated in a uniform manner. If tho cuttings have been 
executed at the right time and in the right manner, the soil 
at the advent of the seed year being in a favourable condition 
for germination, extremes of climatic conditions, such as frost 
or drought, not camsing lasting damag(i, zior storms having 
blown down the mother trees, then tho i-esult of tho oiKjration 
i.s suro to be satisfactory ; in other words, a healthy and even 
aged young crop will have been izroduciid. If, on the other 
hand, .such a happy coincidence of conditions should not take 
place, the results may be far from satisfactoi-y. It must be 
lomemboi'od that in this case suzicoss or failure extends over 
a consideiable area, conc-ontrated in oiui place j if it is a 
failure, only a thin cover overhead is left, under which the 
soil may deteriorate rapidly, whilst a second or third s«ed 
year is awaited. In some cases, tho trees may be sufficiently 
vigorous to extend their crowns and to re-establish the cover, 
so that the process of regeneration can he initiated a second 
time and brought to a successful conclusion; but in the 
majority of cases this will not be possible, the soil will suffer, 
and artilioial cultivation has to step in. 

(5.) in summing up, it may be said that the compartment 
system is indicated in localities which are not exposed to 
exceptionally unfavourable climatic conditions, and which 
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have a soil of a fairly uniform character. Where the 
opposite conditions prevail, the group or selection system 
maybe preferable; at the same time, it must not be over- 
looked that the drawbacks of the system can be eliminated to 
a considerable extent by reducing the area to be dealt with at 
one time in the same locality. The system is better adapted 
for the regeneration of pure than of mixed woods. As a matter 
of fact, the system is followed over the greater part of the 
State forests of Germany and France, where natural regenera- 
tion is adopted, though there is evidence that it will in many 
cases be superseded by the group or .combined group and 
strip system. 

h. The Strip System. 

The system partakes of the character of the compartment 
system carried out on small areas ; the danger of failure over 
a large continuous area is avoided, and the shelter trees are 
less liable to be blown down, but the operations are less 
concentrated. 

c. I7i« Group System. 

(1.) The drawbacks are that the operations are scattered 
over a larger area at one and the same time, rendering super- 
vision more difficult and the transport of the material more 
expensive. The mother trees are probably more exposed to 
wind fall, than under the uniform system. 

(2.) The principal advantages of this system over the 
co;.npartment system are : — 

(«..) It insures a more complete preservation of the factors 
of the soil. 

(h.) It affords greater security, especially in the ease of 
shade bearing tender species, as regards the success 
of the regeneration, because it is carried out on 
small scattered areas at one time, so that failure 
in one does not imply failure in the others. 

(c.) Each group can be taken in hand when the most 
favourable moment for regeneration has arrived. 

s 2 


260 


NATUEAL EEGENEEATION OF WOOPH. 


{d.) The removal of tlie Rheltcr trees causes less damage 
to the young crop, as the material can ho transported 
through the parts of the wood not yet regenerated. 

(3.) In summing up, it may ho. said that the group system 
is in its place where the conditions of the locality or of the 
crop change from place to place, or where o.Ktremes of climate 
prevail. It is admirably adapted for the regeneration of mixed 
woods, as it affords excellent opportunities for securing a 
proper mixture of the several species in the new crop. 

Above all, it is specially adapted for the introduction of a 
more regular system of working into scikiction forests. 

(1. Comhination of Ihc Group and tStrij) Sprioii. 

Very satisfactory results have heeu obtained hy tliis com- 
bination. It possesses the advantages of the two systems and 
alleviates most of their disadvantagos. More particularly, it 
reduces the danger of wind falls amongst the shelter trees to 
a considerable extent. 

a. The Selection Si/etem. 

Here the drawbacks of the group system are further inten- 
sified, without offering sufliciout compensation hy way of 
advantages in other respects. True, the danger from wind 
falls is reduced, and the soil is more completely protected, 
but this is generally accompanied hy withholding from the 
young growth a suitable measure of light. 

The system is, in Europe, confino<l to localities where the 
uninterrupted maintenance of a crop of forest trees is neces- 
sary for the protection of the soil against heavy rain, followed 
by denudation or erosion, avalanches, etc., in fact for so-called 
protection foreets in high or steep mountains. It is also 
useful in forests of specially small or large extent ; in the 
former, if the area is insufficient for a regular division into 
compartments, and if nevertheless a certain quantity of 
timber is required annually ; in very large forests which are 
as yet in the first stage of systematic management, such as 
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many of the forests of India. It is also practised, generally 
in a rude form, where the demand for produce is as yet much 
below the supply. 

B. INatural Bogeneration from Adjoining Woods, 

After the area has been clear cut, the seeding is effected by 
the seed falling from mother trees which do not stand on the 
cleared area, but alongside of it. 

The points which demand attention are the conditions of 
success and the merits of the system. 

1. Conditions of Success. 

of the jLtccc, 

The agencies which carry the seed on to the area are air 
cuiients, and in some cases water, or the seed may roll by its 
own weight down a slope. When air currents are the carrying 
agency, it is necessary that the seed should be sufficiently light, 
and that, when it falls, the wind should blow from the right 
direction. In this respect, the species, the force of the air 
ciurent, and the relative position of the i*egeneration area and 
the mother trees are of importance. The seed of some species, 
as poplar, is so light that it travels for miles, while that of 
others falls straight to the ground. The following distances 
for a number of species under the influence of a moderate air 
current may be given : — 

Birch, elm, larch . 4 — ^8 times the height of the trees. 
Spruce, Scotch pine, 
alder .... 8 — 4 
Maple, ash, horn- 
beam .... 2 — 3 
Lime, silver fir . . 1—2 

Beech and oak, scarcely beyond the reach of the crowns. 

In the ease of strong winds, the distances are proportionately 
greater ; instances can be seen in Scotland where Scotch pine 
seed has been carried to many times the distances given above. 
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The distances are also greater, if the mother trees stand at a 
higher elevation than the regeneration area. 

The direction of the wind during the fall of the seed intro- 
duces a great element of unc<irtainty, as it can only in rare 
cases be relied on. 

A further complication may arise, if the seed should fall 
during the prevalence of a dry wind coming from one direction, 
while, for other reasons, I'egenoration should gradually proceed 
in the opposite direction. 

h. Snitahle Condition of the Gerniinathuj Bed. 

This has often to be provided by working or wounding the 
soil. Where the roots of the trees an* grubbed out the soil is 
sufficiently stirred, hut where the stools rmnain in the ground 
special working may bo necessary. 

c. Protection oi/ainut I'heternal J>an(/eni. 

The young crop is exposed to damage by frost, drought, and 
a growth of weeds. Some protection will ho given by the 
adjoining wood, but the amount depends on thohroa<lth of the 
area under regeneration at one time and the relative position 
of the mother trees. 

d. Extent of the Clearintj. 

The smaller the regeneration area is, the more satisfactory 
will be the results. On large areas, a period of 10, "20, or more 
years may be required to complete the now crop which will 
be very uneven, and in the majority of cases artificial sowing 
and planting has to step in. 

The chances of success are greatest, if the regeneration area 
has the shape of a narrow strip running along the edge of the 
mother trees. The breadth of such strips should not exceed 
the height of the mother trees, so that the area may be quickly 
and fully stocked, and better protection provided for the 
young crop against climatic dangers; the soil also keeps 
fresher. 
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Such protection is further increased, if successive clearings 
do not adjoin each other, but are separated by older woods. 
Sometimes the clearings represent patches situated in the 
middle of old woods. Arrangements of this kind lead, how- 
ever, to a very complicated system of management ; hence, 
they occur only where groups of trees have been thrown by 
wind or snow, or killed by insects. If patches are cut 
purposely, they often lead to the group system described 
above. 

2. Mkrits op the System. 

Owing to the uncertainty of the seeding and the injuries to 
which young tender plants are exposed, the system can be 
recommended only under favourable conditions of the locality, 
and in the case of hardy, quick growing species. Damage by 
insects, especially the cockchafer, JliiUmms, and Hyltirgtts, 
further narrows the limits of applicability. 

SECTION n.~NATURAL EEQ-ENERATION BY SHOOTS AND 
SUCKERS. 

It has been explained in Part I. that woody plants can 
reproduce themselves by means of shoots, or suckers, or both. 
Shoots may spring from the stool, after the tree has been cut 
over close to the ground, or from the stem and top if the 
cutting is restricted to the side bi'anches and the upper part of 
the stem. Accordingly, a distinction must be made between 
regeneration from the root, stool, or stem. Of these, repro- 
duction by stool shoots is by far the most important, but as in 
many cases it occurs in conjunction with reproduction by 
suckers, the two will be dealt with together. 

1. Eegenbration by Stool Shoots and Suckers. 

As already stated, regeneration follows the cutting over of 
the trees. Where stool shoots are wanted, the cutting over 
takes place close to the ground, followed by a clump of shoots 
which spring, either from adventitious buds formed on the 
callus near the edge of the cut, or from dormant buds on the 
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neck of the stool. A similar mode of cutting is employed 
where both stool shoots and suckers are wanted. If only the 
latter are desired, the stump may be removed, and only the 
roots left. This is frequently done in the dry parts of India 
in the case of P/nsopis spicigera. 

The success of this system of regeneration depends on many 
things, of which the following requii’e special attention. 

a. iSiM’dcs. 

Of the species growing in temperate Europe, only broad 
leaved trees and shrubs are adapted to the method, and even 
amongst these great differonces exist in regeiierative power. 

h. Age of Wood at Time if (Uilliiig. 

Generally, reproduction is most powerful during youth up 
to the period of principal height growth, and under favourable 
circumstances for some time beyond it. The wood must be 
cut over for the first time at an early age. After that, the 
rotation depends on the required description of material (fire- 
wood, hop poles, bark of a certain ipiality, etc.), and the time 
up to which the stools are cajiable of vigorous reproduction. 

The increment of coppice woods is greatest during the 
first few years after cutting, which may bo another reason for 
the adoption of short rotations. On the other hand, small 
material and tanning bark have of late years so much sunk in 
price that the woods are frequently allowed to grow until they 
are capable of yielding timber fit for pit props or similar 
purposes. 

0. Soundness of Stools. 

Diseased stools often produce diseased shoots, though some 
species, as oak, are usually exempt from this liability ; the 
same holds good in the case of suckers. It follows that diseased 
stools should be removed and replaced by strong plants to 
produce fresh and sound stools. 

The longevity of the stools is closely connected with their 
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health, which is principally governed by the species and the 
character of the locality. A fertile soil and favourable climate 
increase the longevity. The stools of ash, maple, birch, and 
also those of beech are short-lived, lasting frequently not 
longer than two or three rotations ; those of oak and horn- 
beam are almost indestructible, and between these extremes 
many intermediate stages exist. 

d. Mmmcr of Cutting. 

The cut produced by the removal of the stem is exposed to 
the effects of air, moisture, and sun, which cause a deteriora- 
tion of the wood near the cut through drying up and rot, and 
tend to reduce the reproductive power of the stool. 

Although this process of deterioration cannot altogether be 



Good. Good. Bad. 

Fig. 1)8. 


prevented, its extent and rapidity can be reduced by careful 
cutting. In the first place, the size of the cut should not be 
too large ; in the second place, it should be smooth ; and finally, 
it should be slanting, so that water may not rest on it 
(Fig. 96). In the case of large shoots, the cut may be given 
a slope from the centre to two sides, or it may receive the 
shape of a cone (Fig. 97). The cut should on no account slope 
inwards (Fig. 9B) ; it should be made with a sharp billhook or 
axe, and not with a saw. If the latter is unavoidable, the cut 
should be given a smooth surface with a billhook, axe, or 
knife. Another important point is that the bark should not 
36 severed from the wood around the edge of the cut. 

The height from the ground, at which the tree is cut over, 
Jso influences the success. Except where inundations are 
eared, it is preferable to cut close to the ground, as there is 
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less corky bark on the root neck ; besides, if the shoots appear 
low down, at or a little I>elow the surface, they are more likely 
to develop independent roots, and thus ensure greater longevity 
of the stool. 

In southern countries, where the sun is likely to dry up the 
stools, it may be necessary to cut below the ground, or to 
cover up the stools with earth. 

a. Season of Guttimj. 

The best season of the year for cutting is a few weeks before 
the buds begin to swell. Various circumstances may, how- 
ever, prevent this being done, such as an insufficiency of 
labour, the necessity for peeling the wood, etc. Where labour 
is not available to do the whole cutting at the most favourable 
period, a part must bo done (in Europe) in the autumn ; this 
has the drawback that frost during winter frequently separates 
the bark from the wood of the stool, or that the stools are 
killed outright. Again, stools which were cut over in autumn 
send out shoots somewhat earlier in spring, and thus render 
them more liable to be injured by late frosts. 

Where the principal object is to oldain bark for tanning, 
the cutting must be done during the full flow of the sap, that 
is to say, in temqjerate Europe, in May and the beginning of 
June. This has the disadvantage that the new shoots do not 
sufficiently ripen before the early autumn frosts sot in. 

f. Standards. 

The reproduction is most comphite if the wood is clear cut ; 
the more standards are loft, the less favourable will be crop 
of shoots and suckers. 

2. E,epro»uction by Stem Shoots, oe Pollakdins. 

Pollardmj consists in the removal of the crown of a tree, 
either leaving the main stem intact, or cutting it off at a 
certain height from the ground ; in the latter case, the system 
is frequently called toppmg. The branches may be cut off 
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close to the main stem, or at a short distance from it, the 
latter method being preferable. New shoots spring from the 
cuts, and these are again cut after one, two, or more years, 
according to the desired size of the produce. 

What has been said above regarding species, health of the 
trees, and manner and season of cutting, mostly holds good as 
regards pollarding. The system is chiefly employed in the 
ease of willows and poplars ; the former yield materials for 
basket work, fascines, hurdles, etc., and the latter firewood 
and small sticks for domestic use. 
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CHAPTEPt TV. 

FORMATION OF MIXED WOODS. 

The various methods of foniiinjL; a wood df.'H(;ribo<l in the 
previous chapters are applicahio to lioth )»uro and mixed 
woods. There are, however, certain peculiarities in the 
formation of mixed woods, which it will bo necessary to 
indicate. As the mimbur of possible mixtures is very large, 
a separate reference to each will not be Htt(‘nii>ted. It must 
suffice to deal with them in the following groups:- ■ 

1. Formation of even aged woods, or in which the ages of 

the species in mixture diffiu- so little that tliey may, for 
practical purposes, be considereil as even aged. 

2. Formation of mixed woods consisting of trees of uneven 

age. 

1. Foiwiation of Even Aokd Mixnn Woods. 

In Fart 1. of this volume (page 7H), it has been explained 
that, in order to preserve mixtures in which the spoeios are of 
the same age, their relative height growth throughout life must 
be specially considered. If there is a difference in this respect, 
any species sensitive to cover, and likely to he outgrown by 
associated species, must ho given a start, while the latter must 
be capable of bearing the shade of th(3 former. In the absence 
of these conditions, the species must be separated, and the 
utmost which can be done is to place them in alternating 
groups. Even then, there is no certainty that, in regenerating 
such a wood, the new crop will show the desired mixture. 
At any rate, it will be clear that the regeneration of such 
woods requires constant attention, lest one species should 
oust another. 
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a. Smvimj and Planthui in Clear Cnttinf/s. 

Sowing can be done l)y mixing the seed of two or more 
species, or by sowing one over the other, either direct or 
crosswise. The second method must be followed, whenever 
the seeds require a different covering, that which requires 
the deeper one being sown first. Another method is to sow in 
alternate strips. Buch sowings are not often made nowadays, 
but recourse is had to planting, as it permits the mixture being 
arranged in any way which may be desired ; the species may 
alternate by single plants, or l)y lines, or strips or groups. 
Again, the proportion of one species to another can be absolutely 
fixed, rianting in groups is specially indicated when there is 
a difference in the heiglit growtli, and where the conditions of 
the soil change from i)lacG to place, as eacl) patch can receive 
the most suitable specioH. The sixo of such groups depends on 
circumstances ; if it exceeds a certain limit, the wood can no 
longer be considered mixed — it becomes a series of pure woods. 

"Where a light demanding species is to be mixed with a 
shade bearer, the former can be given a start of a few years, 
instead of arranging the mixture by groups. In such cases, 
the mixture is frocjuently arranged by linos, the light demand- 
ing (and generally liardy) species being planted first in alternate 
lines, and the shade bearing species (generally tender in early 
youth) afterwards in the intermediate lines. In some cases, 
two or three linos of the former alternate with one line of the 
latter, or rice. rend. 

A way of giving one species a start over another is to put 
in plants of different ages. Bometimes one species is raised 
by sowing and the other by planting, but this is rarely done 
nowadays, except when the former is raised with field crops. 
In that case, the second species is planted when the cultivation 
of field crops ceases. 

h. Sowiu;/ and Planlintj tinder Hhelter-woods. 

This method is adopted in the case of species which are 
tender during youth, especially in respect of frost. 
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If an old -wood exists, and a new mixed wood, consisting of 
a tender and a hardy specie.s, is to he created, the former may 
be sown or planted alone under the shelter-wood ; tlicn, when 
the shelter-wood is no longer required, it is removed, and the 
second, hardy species planted in. This method is followed, 
for instance, where beech is to he mixed with Scotch pine, 
larch or Douglas fir. 

If no old shelter-wood is available, tlusn tlie hardy species is 
cultivated first, and when it has advanced suflickmtly to provide 
the necessary shelter, the temha- si)ecies is introduced. In 
this way birch, Scotch piiu'., and larch arc. j)lanted to serve as 
shelter-woods (nurses) for beech, silvisr fir, and oak. 

c. Natural Iti’r/r.iieration i(ii(lrr Shiite r-wocxh. 

In regenerating a mixed wood, it is of first im])ortanco that 
the shelter-wood should he composcsd of troc.s of the several 
species in such proportion as to scscure the desired mixture in 
the new crop. In determining that proportion, the relative 
reproductive power of the sp<jcies must laj taken into con- 
sideration, more especially the sizci and quantity of the seeds, 
the frequency of seed ytiars, the height growth of the species 
in early youth, their capacity of hciaring cover, their degree of 
hardiness, the nature of the. germinating bod, etc. 

Already during the last thinnings, the cuttings can be so 
arranged as to lead to a proper proportion of the mother trees. 
This process is continued, and if possible completed, during 
the preparatory stage. Under any circumstances, it must be 
completed by the seeding cutting. 

In many cases, a great difficulty arises from the fact that 
the several species do not seed in the same year. In such 
oases, the seeding cutting must be made when that species 
seeds which is to form the bulk of the now crop, or which is 
the more difficult to roar ; the other species, if they have 
not produced a sufficient proportion of seedlings beforehand, 
or fail to do so within a few years afterwards, must receive 
artificial assistance, generally by planting them. 
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The arrangement of the cuttings during the final stage 
depends on the requirements of the new crop in the several 
parts of the wood. Where conflicting interests present them- 
selves, those of greater importance must prevail. 

The trees to be left for the final cutting should belong to 
the most wind firm species, to that which is most likely to 
increase rapidly in size and value, and if possible to one with 
a thin or at any rate compact crown. 

The above remarks show that it is in many eases a difficult 
task to guide successfully the process of regeneration in a 
mixed wood ; hence, a method should be chosen which reduces 
the difficulties to a minimum. With this end in view, the 
several species may be brought together in groups, each of 
which can be treated in the manner best adapted to the par- 
ticular species. If this should bo found insufficient, the 
following method may be adopted: — 


d. Natural Regeneratioii combined with Sowing and Planting. 

Natural regeneration alone rarely leads to the desired 
result; only parts aro succcsssfully stocked, and sowing and 
planting must stop in to complete the business. In api)lying 
this method, it must be remembered that generally the more 
favourable parts of the area become naturally stocked, leaving 
the inferior spots blank. If only the latter were filled up by 
sowing or planting the species which is deficient in the 
naturally regenerated patches, it would be relegated to the 
inferior spots, while the other species would occupy the better 
parts ; hence, it is necessary to plant a proper number of the 
artificially reproduced species also into the patches already 
naturally regenerated. 

This method is much used in Europe in the formation of 
mixed woods of beech with oak, ash, sycamore and other 
valuable timber trees. In fact, it is the best method for such 
mixtures. The valuable species are generally introduced by 
putting in strong plants ; sowings are also done in the case of 
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shade bearing species, or where ihe species are arranged in 
separate groups. 

Another instance is the regeneration of silver fir and spruce 
woods in the Black Forest. Tliero, silver fir is favoured during 
the regenei-ation process, and if an insullicient number of 
spruce plants has sprung up, it is afterwards increased by 
planting. 

2. Formation of Mixnn Woons of I’nkvkn Auk. 

It has been shown that the preservation of the mixture is 
difficult, when the trees are of tlio same age, or nearly so, and 
that it requires constant care and atlention, lc.st one species 
should he suppressed by another and disappear. Huch unre- 
mitting attention cannot always lio given, ajiart from the 
expense which it involves. Endeavours have been made, 
therefore, to devise a method of mixing species which is less 
dependent on constant attention, and this has been found in 
giving to the mixed species a greater difl'erenco of ago. Each 
of these requires to be regenerated at its own time, so that the 
process of regeneration is gone tlirough several times in the 
course of one rotation, one part of tlio wood being regenerated 
on each occasion. 

Many varieties of mixod woods of uneven ago liave been 
evolved, each of which corresponds, more or loss, with a 
distinct silvicultural system. Of these the following claim 
attention : — 

(at.) The group and selection systems. 

(h.) High forests with standards. 

(c.) Two-storied high forest. 

(d.) Mixed coppice with standards. 

a. The Group and Selection Systems. 

Under the group system the regeneration of a wood extends 
over a period ranging up to BO and even 60 years. By first 
regenerating groups consisting of the threatened species, 
they can he given a start up to 80 or 40 years. After these 
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have been regenerated, groups consisting of the threatening 
species are taken in hand. Taking, for instance, a mixture of 
light demanding and shade bearing species, such as oak, larch, 
or Scotch pine, with beech, silver fir or spruce, operations 
commence with the groups of the former, and are brought to 
a close by a regeneration of the latter. 

Again, in a mixture of shade bearers only, such as beech, 
silver fir and spruce, the last mentioned is likely to outgrow 
the beech and also the silver fir ; hence a sufficient number of 
groups of beech and silver fir are first established, and then 
the groups of spruce. 

In the case of selection forests, the differences in age are still 
greater, and much can be done on the lines indicated above, 
to protect the threatened against the threatening species. 

b. Hifjh Forest with Standards. 

If such woods are mixed, the threatened species are selected 
for standards, if otherwise suitable for the purpose; it is 
essential that the rotation should not be very high, otherwise 
the future standards may suffer before the end of the rotation 
has been reached. 

c. Ttoo-storied High I'orest. 

It has been explained in Part I., page 108 that, when a high 
forest has run through part of the rotation, a portion of the 
trees are removed, and a new crop is introduced, which grows 
up between the trees remaining of the first crop, the two being 
allowed to run through an additional whole rotation of the 
second crop. The difference between the two crops ranges, as 
a rule, from 20 to 60 years. Here, then, is an excellent oppor- 
tunity of protecting a threatened against a threatening species, 
the first crop consisting of the former, and the second of the 
latter. In Europe, the system is much adopted f or the pro - 
du ction of large-siz ed oak, larch and Scotch pine, also ash, 
maple and others, which at a certain age are underplanted 
with beech, silver fir, spruce, hornbeam, sweet chestnut, ha 2 :el 
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or certain exotic species, such as Douglas fir, Sitka spruce, 
Thuia plicata, Abies grandis, Tsuga Albertiana, and others. 
This underplanting had best be done in the case of larch at 
the age of 15 to 30 years, of Scotch pine at 80 to 40 years, 
and of oak at 80 to 50 years, or even later. 



Fig, 91). — Larch underplantiHl with Abic« grandift (Ncvar, Hcotlaiid). 


d. Mixed Copi>kc with Htand(trd$. 

This system offers, in the regeneration of the over wood, 
the greatest latitude for the protection of threatened species, 
whether in single trees or in groups. Although some of the 
standards may regenerate themselves naturally, the greater 
part are produced by planting strong plants where mature 
standards have been removed. 



CHAPTEE V. 

CHOICE OF METHOD OF FORMATION. 

The choice of method depends on numerous considerations. 
To attempt a detailed exposition of these matters in reference 
to the several methods would not lead to any practical result, 
since, after all, the choice depends on the local circumstances 
of each case. A few remarks regarding the main groups of 
methods may, however, not he out of place. These main 
groups are : — 

(1.) Direct sowing. 

(2.) Planting. 

(8.) Natural regeneration by seed. 

(4.) Natural regeneration by shoots and suckers. 

Of these, the last-mentioned method refers almost entirely 
to coppice woods worked under a short rotation ; it is not 
employed where woods are treated under a high rotation, 
because in rare instances only do coppice shoots reach the 
same size as seedling trees. 

The questions which interest the silviculturist most are — 

(1.) Whether to sow direct, or plant on cleared areas. 

(2.) Whether to regenerate existing woods artificially, or 
naturally by seed. 

(3.) Whether or not combinations best meet the objects of 
management. 

These three questions, then, will be shortly discussed in 
the following pages. 

SECTION I.-OHOIOE BETWEEN DIRECT SOWING AND 
PLANTING. 

Formerly, the artificial formation of woods was chiefly 
effected by direct sowing, planting being restricted to special 

I 2 



376 


CHOICE OF METHOD OF FOEMATION. 


eases where the other method was not likely to succeed. The 
reasons for this were that sowing was considered to be more 
certain and cheaper, since it was generally the custom to use 
too large transplants. In the course of time, the raising of 
plants was elaborated, smaller plants wore used, and the 
expense considerably reduced, so that now far more planting 
than direct sowing is done. Yet, it is not always a foregone 
conclusion that planting is better or more suitable than direct 
sowing, since many differing conditions and factors affect the 
ultimate results. The effect of some of these factors is as yet 
somewhat obscure, but in many respects experience has taught 
the forester which of the two methods is preferable under a 
given set of conditions. The points of view from which the 
choice of method may be approaclied are manifold, and 
amongst these the following deserve attention : — 

(1.) Objects of management. 

(2.) Desired silvicultural system. 

(3.) Selected species. 

(4.) Conditions of locality. 

(5.) External dangers threatening the young wood. 

(6.) Quality and quantity of available labour. 

(7.) Cost. 

1. OWBCTB OF MaNACJBMKNT. 

The objects of management have been shortly indicated 
on pages 1 and 2, and it will readily be understood that, 
according to circumstances, either planting or direct sowing 
may more completely meet them. 

Where landscape beauty is the object aimed at, few foresters 
would think of adopting direct sowing; where time is an 
object and expense of minor importance, the planting of 
strong transplants would be most suitable. If the object of 
management centres in the production of the greatest possible 
quantity of small material, with the least possible outlay, 
direct sowing would probably yield better results than plant- 
ing. Again for the production of clean timber trees, sowings 
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with their greater density may in many cases be more suit- 
able than planting, unless the latter be very close and thus 
involve a consideral')le outlay. 

Economy in wt)rking is one of the leading requirements in 
silviculture. In this respect, either sowing or planting m£|,y 
be preferable, according to circumstances; experience, how- 
ever, shows that, where 2 >lants of good quality can be raised 
at a reasonable outlay, planting yields higher returns than 
direct sowing, if time bo taken into consideration. 

Where the land is required for pasture or grass-cutting, 
planting is doci<led!y i)referable, as cattle can be admitted 
at an earlier age, while grass-cutting can be commenced 
at once. 

2. SiLVicuT/ruiiAL System. 

The formation of woods to bo ’treated under the pollarding 
system, and of osicir bods, is best effected by planting. The 
same may bo said of ordinary coiijuce woods and the produc- 
tion of standards in coppico. In ordinary seedling forests, 
any method may be adoi)ted. 

Species. 

The species affects the choice of method in various ways. 
In the first place, many species produce seed abundantly only 
at irregular and often long intervals ; hence, continuous opera- 
tions can ho carried on only l)y planting, as the production of 
nursery plants requires comi)aratively small quantities of seed, 
and this, if necessary, can bo obtained from a distance. By 
keeping a ({uantity of reserve plants in the nursery, seedless 
years may bo tided over without interrupting the work. 

Species, the seed of which germinates with difficulty or 
slowly, or the seedlings of which are tender in early youth, 
should, in the case of clear cuttings, be propagated by plant- 
ing and not by direct sowing. In such cases, it is much 
easier and cheaper to provide the necessary tending and pro- 
tection in a compact nursery than on an extensive forest area. 
Under shelter-woods, direct sowing may be preferable. 
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Hardy species, which grow slowly during youth, should be 
planted ; those of fast and early development may be sown 
direct, if this be desirable on other grounds. 

The shape of the root system is also of importance. Species, 
Avhich develop a compact and comparatively shallow root 
system, are much easier to plant than those which at once 
develop a deep going tap root ; for the latter, direct sowing may 
be advisable. Long tap roots, however, may be pruned, or the 
seedlings raised in such a manner that they arc forced to 
develop a compact I'oot system ; at the same time, either 
alternative may be of doubtful expediency ; the cutting of tap 
roots may introduce disease due to fungi. 

Mixed woods should be established by planting, as a proper 
mixture of the species is rarely jiracticaljle by direct sowing ; 
at any rate some of the species must be planted. Frequently, 
it is desirable to give one spocujs a 'start over another, and 
this can be done in a satisfactory manner by the use of large 
plants. 

In the case of some species, as for instance oak, many 
foresters maintain that direct sowing givc.H more vigorous and 
better trees, but this depends to a largo extent on the soil and 
climate, and also on tlie size of plants used; small plants 
give better trees than large ones. If sowing of acorns is not 
advisable for other reasons, the planting of one or two years 
old oak seedlings close together is likely to yield just as good 
oak trees as direct sowing. 

4. Condition op Locality. 

As a general rule, it may be said that planting is prefer- 
able whenever the condition of the locality is unfavourable, 
especially where exti’emes of soil and climate prevail, while in 
a favourable locality direct sowing may yield equally good, and 
in the case of some species even better, results. 

■ Unfavourable localities are those with a wet, occasionally 
inundated, or very moist, heavy, cold soil ; excessively loose, 
dry, or poor soils ; those subject to be overrun by a heavy 
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growth of weeds, or where frost lifting may be expected. 
Similarly, planting is far preferable to direct sowing where 
extremes of climate prevail, such as in raw, frosty, exposed 
localities. 

On steep slopes, planting is also preferable, but in very 
stony soil <lirect sowing may become a necessity. 

5. External Dangers. 

Seeds, as well as young seedlings, are subject to attacks by 
various animals, against whicli they can be more effectually 
protected in a nursery than in the forest; hence, on this 
account, planting is preferable to direct sowing. As regards 
attacks by insects, it is an open question which of the two 
methods is preferable. As long as only thoroughly healthy 
plants are used and put out with care, they may hold their 
own and even do better than seedlings in direct sowings ; but 
weak plants, or those which have difficulty in establishing 
themselves quickly in their new home, are more subject to 
attacks by insects than seedlings grown in situ. The same 
often holds good as regards attacks by fungi or by rabbits. 

G. Labour. 

Unless direct sowings necessitate a thorough working of 
the soil, they ixsquire loss labour than planting. Where 
labour is scarce, direct sowing may prove to be cheaper. 
Planting also requires more skilled labour than direct sowing. 

7. Cost. 

Whether direct sowing or planting is the cheaper method 
depends on the price of seed, the extent to which the soil has 
to be worked for direct sowings, and the cost of plants. Direct 
sowing is generally cheaper, but if seed is expensive and 
small plants can be utilised, planting may be the less costly 
method of the two. 
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SECTION II—CHOICE BETWEEN ARTIFICIAL REC-ENERATION 
AND NATURAL REGENERATION BY SEED. 

Sowing and planting can be done under the shelter of the 
old wood, or it can follow a clear cutting ; natural regenera- 
tion can be done under a shelter-wood, or on cleared areas of 
moderate breadth by seed coming from an adjoining wood. 
The differences between tbe two shelter-wood methods are 
small, while they are considerable between the clear cutting 
and shelter-wood methods. The following remai'ks refer 
chiefly to the latter case. 

1. Mkkits op Auxificial IlBOUNnnATioN. 
a. Advanta/jcit. 

(1.) Artificial regeneration is independent of the local 
occurrence of seed years, since sufficient scicjd for nurseries, 
and frequently also for direct sowing, can bo obtained from 
a distance. This being so, the adoption of the method 
enables the forester to proceed in a systematic and regular 
manner, doing the desired quantity of regeneration year 
after year, and providing the market with a steady supply or 
produce. 

(2.) The full enjoyment of light can bo secured at once to 
young trees which are hardy. 

(8.) The trees develop more rapidly than tliose originating 
by natural regeneration, at any rate up to middle age. 

h. Uirndvantageg. 

(1.) Sowing and planting are costly. The outlay on the 
latter can, however, be considerably reduced by planting small 
plants according to a simple and cheap method. 

(2.) Where artificial regeneration follows clear cutting, the 
young plants are exposed to damage by frost, drought, insects 
and weeds in a far higher degree, than if the regeneration is 
conducted under a shelter-wood. In fact, tender species must 
be raised in the latter way, so that for them clear cutting is 
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excluded. Insects frequently become formidable to coniferous 
woods raised in clear cuttings, while experience has shown 
them to be less dangerous to natural seedlings, especially 
when these are raised under a shelter-wood. 

(3.) In the case of clear cuttings, the laying bare of the 
ground for a series of years may seriously affect the fertility 
of the soil, so much so that the method is hardly admissible 
on inferior soils. 

2. Meuits op Natural Keoeneeation by Seed. 
a. Advantages. 

(1.) Natural regeneration involves less expenditure than 
sowing or planting. In some cases, the outlay may be abso- 
lutely nil, but in most cases some artificial help has to be 
given, either by working (wounding) the soil, or by sowing 
and planting. Still, the outlay is considerably smaller. It 
must not be overlooked, however, that in the majority of 
cases natural regeneration requires much time; as long as 
the shelter trees increase sufficiently in size and quality so as 
to make up for any loss on this account, no harm is done, 
but where this is not the case, artificial regeneration may 
actually be more profitable, since no loss of increment occurs. 

(2.) Damage by frost, drought, and weed growth is avoided, 
or at any rate considerably reduced. The same may be said 
as regards damage by insects, though perhaps not to an equal 
extent. 

(3.) The activity of the soil is maintained, and, to a 
considerable extent, rendered independent of climatic 
influences. 

(4.) Owing to the greater number of plants per unit of area, 
clearer and straighter stems are produced than in plantings, 
and also frequently in sowings, though the difference in the 
latter case is less decided. This advantage can be nullified to 
a considerable extent by dense planting and sowing, but in 
that case the cost is proportionately increased. 
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h. lUmdrantadCK. 

(1.) The method is more complicated and difficult than 
artificial regeneration ; hence, it demands more skilful 
foresters. 

(2.) The intermittent nature of seed years jn-oduces many 
drawbacks as regards the equalisation of the yield and the 
control of operations. 

(3.) The removal of produce is also more expensive. 

3. SuMMiNO Up. 

Neither the artificial nor the natural method of regeneration 
is the best at all times and under all circumstances ; only a 
consideration of the local conditions can load to a sound 
decision as to which is preferable in a given case. 

SECTfON in.-COlMBINATION OF SEVERAL METHODS OF 
FORMATION. 

In the preceding pages various artificial and natural 
methods of forming a wood have boon described. Each of 
these methods has special advantages under certain condi- 
tions. As the latter may, and frequently do, vary within a 
narrow extent of area, it follows that two or oven more methods 
may be employed in the formation of a wood, thus securing 
greater success and frequently a reduction of expenditure. 
As a matter of fact, in practical silviculture such combinations 
are the rule and not the exception. 

Of the combinations hero indicated the following are of 
special interest : — 

1. Combination of Artificial Formation and Natural 

RBaBNBRATION BY SeBD. 

Natural regeneration assists artificial formation only in rare 
cases, but the reverse constantly happens. Natural regenera- 
tions by seed rarely are so complete that they do not require 
artificial help, which can be afforded by sowing or planting, 
generally the latter. There are always certain parts of the 
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regeneration area which, for one reason or another, do not 
become stocked and have to be planted up. Then, it frequently 
happens that the ruling species shall be mixed with others 
which must be brought in artificially ; or one of the species in 
a mixed wood fails to produce seed for a considerable period, 
while the other, having regenerated itself, demands the 
removal of the mother trees ; here again artificial help is 
required. 

In many cases, it can be foreseen that certain portions of an 
area are unfit for natural regeneration; these may at once 
be artificially stocked, even before the natural regeneration of 
the remainder has commenced. In other cases, a part of the 
area may have been deprived of the necessary shelter trees by 
natural phenomena; here artificial shelter-woods may have 
to be planted. 

From the above remarks it will be seen that artificial and 
natural formation may be started at the same time, or the one 
may precede the other. In all such cases, blanks in existing 
woods should bo filled up with strong plants of a quick growing 
species. 

2. CoMBINAaTON OF ARTIFICIAL FORMATION WITH EeGENBRATTON 

RY Stool Shoots or Suckers. 

This combination occurs constantly in coppice woods, where 
stools, which have died or become diseased, are replaced 
artificially by putting in strong plants or slips, and in some 
cases by sowing seed, such as acorns or chestnuts. Only in 
rare cases are such stools replaced by natural seedlings. 

3. Combination of Natural Eegeneration by Seed with 
Ebgbneration by Stool Shoots and Suckers. 

This case may occur in high forest, where the seedling trees 
have been injured by frost, game, cattle, mice, hail, etc. ; it 
may then be advisable to cut them back in order to get strong 
healthy shoots. 

The combination occurs further in coppice with standards. 
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Here ifc is desirable that the standards should be seedling 
trees, and their regeneration may be effected by the seed 
falling naturally on the ground. 

4. Combination of Aktificial Formation with Natural 
Eeg-eneration by Seed and by K hoots. 

It occurs in coppice with standards, when a sufficient 
number of the latter cannot be obtained by natural regenera- 
tion. In the majority of cases, a conBidera.ble amount of 
planting must bo done, bo as to obtain a suitable number of 
standards, and to replace stools which no longer produce 
vigorous shoots. 
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TENDING OF WOODS. 

When a wood haw boon established, it will, if left undis- 
turbed by outside influences, grow on and reach maturity ; the 
individual trees will, however, enter upon a lively struggle for 
existence, and the ultimate results, in the majority of cases, 
will meet only to a limited extent the objects for which the 
wood has been ostablished. Moreover, external injurious 
effects will make tlumiselves felt, and further reduce the 
returns. In order to realise those objects more fully, especi- 
ally where a certain class of timber is desired, the growing 
wood requires well-directed tending from its formation up to 
the time when it is ihially cut over. Care must be taken that 
tbe most favourable conditions for growth are secured, and 
that the development of the individual trees is so guided as to 
produce the desired results ; in other words, the forester must 
take measures to presorvo the continued activity of the 
locality, and to see that the wood has throughout its life a 
suitable composition. Of the several parts into which silvi- 
culture has been dividtal, that which deals with “ Tending of 
Woods” is by far the most important. To sow or plant a 
wood is a comparatively simple matter ; natural regeneration 
is more difficult, but the ultimate success of forestry depends 
on the careful tending of the growing woods at every stage of 
their life. The want of a proper appreciation of this fact has 
led to the unsatisfactory condition in which so many woods 
in Britain are found. 

The subject divides itself naturally into the following two 
sections : — 

(1.) Preservation of the factors of the soil. 

(2.) Tending the crop of growing wood. 

The elleets of the locality upon forest vegetation, and vice 
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versa, have been dealt with in Part 1. of this volume, while the 
protection of the soil and growing wood against injurious 
influences are dealt with in Vol. IV. on Forest Protection. 
In this place, only the important points will be shortly 
indicated, with special reference to the silvicultural aspect of 
the subject. 

In order that a crop may be fully productive, it is necessary 
to establish, and then to preserve, those physical and chemical 
conditions of the soil on which a healthy and vigorous growth 
depends. The means adopted in agriculture for this purpose 
are working the soil and manuring. Poth are expensive, and 
in silviculture they are only feasible in cases where the 
increased returns at least cover the outlay ; they are, therefore, 
either out of the question, or can bo employed only to a very 
limited extent, and the forester must endeavour to accomplish 
what is needful by other means. Fortunakdy, timber trees 
are far less exacting than field crops, so that the more modest 
means at the disposal of the forester suffice for their healthy 
development. 

It has been shown on page B(» that the productive power of 
the soil in silviculture depends on : — 

(1.) A sufficient depth. 

(2.) A suitable degree of porosity. 

(3.) „ „ „ moisture. 

(4.) „ chemical composition. 

In silviculture, these conditions can he maintained or pro- 
cured to a Buflieient extent by the following simple agencies : — 

{a.) The preservation of a suitable cover overhead. 

(b.) The preservation of the nakiral covering of the soil, 
more especially of humus. 

How these affect the soil has been described on page 43. 
The principal fact is that the activity of the soil and a vigorous 
development of the crop growing on it are intimately con- 
nected with each other, and that the one exercises a healthful 
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effect upon the other. At the same time, their requirements 
are sometimes opposed to each other, and in such cases it 
must ho a leading principle that the tending of the crop should 
always aim at a proper preservation of the fertility of the soil. 

The above remarks refer to the case of woods which are 
fully stocked. Gases may, however, occur where it is desirable 
to interrupt the leaf canopy at a certain age, so as to form open 
woods ; in such cases, separate steps must be taken to preserve 
the fertility of the soil. 

Again, during the first part of the life of a wood it is 
subject to special dangers, most of which disappear later on, 
when the attention of the forester must be directed to other 
matters, 

The subject may, therefore, be divided into the following 
three eliaptors ; — 

Chapter f. — TsNiuNUi of Woods during Early Youth. 

,, II.— Tknding of Eully Stockud Woods after 
Early Youth. 

„ 111. — Tending op Open Woods for the Produc- 

tion OP Large Tijujer. 
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CHAPTER I. 

TENDING OF WOODS DURING EARLY YOUTH. 

Young woods roiiuiro special proioction against external 
dangers until tliey can shift for thcmsolvcH ; they must be 
kept clean, and a pro[)or dc.nsity or composition of the crop 
preserved. Accordingly, the subject will ho divided into four 
paragraphs. 

1. PkOTKCTION AGAIN.ST KxTKUNAT, DaNOKKS. 

The details of this subject will ho found under Forest 
Protection. For the present purpose the following notes will 
suffice : — 

a. Game.. 

Deer, rabbits, and hares must citlier he kept down, or the 
areas must bo fenced. Various other measures have been 
recommended to protect each plant against diimage by the 
application of substances noxious to these animals, such as 
of tar, glue, fluid lime, and evil smelling preparations. Most 
of these are not only expensive, hut also liable to injure the 
plants. With lime good results have boon obtained, and the 
further development of the plant is not seriously interfered 
with. On the whole, however, fencing is in the long run 
the cheapest and most effective. .Squirrels frequently do 
serious damage by peeling trees and by biting off the leading 
shoots of young trees ; they must be kept down hy shooting. 
Black game often does much damage to young plants, hut it 
is difticult to prevent this, except by keeping the game down. 

I’oxoB should 1)0 carefully preserved, as they are most 
useful animals in forestry. 
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h. Fire. 

Although woods re(iuire protection against fire at all periods 
of their life, it is specially necessary during early youth. 
Protection is afforded by removing all inflammable matter, or 
clearing fire traces around the area and at suitable intervals 
in the interior. 

In addition, the area must be watched, so that any fires 
which occur may be promptly extinguished. 

c. Front (Old Droufiht. 

Where regeneration takes place, whether naturally or arti- 
ficially, under a, shcltor-wood, the latter provides the necessary 
protection against frost and drought, or, at any rate, 
insures a considerable reduction of the danger in either case. 
In cultivating cleared areas, shelter for tender species must be 
artificially provided by growing simultaneously, or better 
beforehand, a special shelter-wood, or nurses. The trees 
selected for this purpose must be frost-hardy, and possess a 
thin or raodoratoly dense crown. The best nurses in tem- 
perate Europe are birch, larch, and Scotch pine. Where 
danger from late frost is excessive, larch, owing to its early 
sprouting, is less well a<lapled as a nurse, but it does very well 
in all other localities. In moist localities, alder and willows 
have been similarly used. 

The nurses inay be distributed evenly over the area, or 
placed in alternate lines. They are removed when the tender 
species can do without them. Erecpiently, some of the nurses 
are retained so as to form a mixed wood. 

d. Cold Winds. 

The effects of raw, cold winds are often more disastrous 
than frost produced locally by radiation. Where they are to 
be feared, lateral as well as vortical shelter is required. This 
may be given, either by adjoining woods of sufficient height 
and density, or, in their absence, by artificial shelter belts or 
wind breaks. Those must be dense, and they should be 

u 2 
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established some time before the area to be protected is placed 
under cultivation or regeneration. The species, of which wind 
breaks consist, should if possible be evergreen, and with dense 
crowns coming close to the ground. Favourite species are 
Austrian, (brsican, and Cenibran pine, and spruce. 

An alternative measure consists in mixing a hardy species, 
such as Scotch or Corsican pine, with a tender crop. Or the 
wood is treated under the selection system, when trees of all 
ages are intermixed on the same arcur. In that case, the 
middle aged and younger trees ])rovide lateral shelter for the 
young growth, while the old trees give vortical shelter. 

In all these cases it is essential tliat th(3 edges of the wood, 
towards the side whence cold winds blow, should always be 
kept as dense as possihh^. Jt is best to place tlie plants 
in the shelter holts according to the triangular system. 

What has been said above appli(3S not only to frost, Imt also 
to drought, more espt'-cially in tropical climates, where hot, 
dry winds may be even more disastrous than cold winds are 
in higher latitudes. 


c. K'mAa 

In the case of the shelter-wood systems, iuul(3r regular and 
successful management, noxious w^kmIs a.ro kept sufliciently in 
check to enable the young trcio growth to make its way up 
through them, if this is not the cas^j, and in the cultivation 
of cleared areas, such wetals must be removed wherever they 
threaten to choke tlie young plants, until tlie latter have 
reached a Bxifficicnt height to hokl their own. Heatlier, 
broom, brambles, climbing plants, birch, sallow, etc., may 
become even more dangerous than ordinary grasses and 
weeds. 

In considering the d<3gre6 to wliich noxious plants require 
to he cleared away, it must he remembered that in moderation 
they may act henelicially by sheltering the very young trees ; 
hence, interference is not called for until they actually become 
noxious. The clearing of weeds involves in many cases a 
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heavy expenditure. While it is a mistake to do too little 
by allowing the young crop to be overgrown, unnecessary 
expenditure may be incurred by doing too much. All outlay 
on young woods has a serious bearing on the financial results 
by the time the wood is harvested ; hence, it should be kept 
as low as is compatible with elficiencjn The important point 
is that the leading shoots of young trees should not be 
interfered with. This done, it is doubtful whether additional 
cleaning will repay the expenses connected with it. 

f. I)isertH cDul FiUKjL 

These form standing dangers to woods throughout life, 
especially whore coniferous trees are grown over extensive 
areas. The m(3aBur(Js which should be adopted to protect 
forests against them arc taught in Forest Protection. Several 
species of both insects and fungi arc specially dangerous to 
young for(5st plants. Jt is the duty of the forester to watch 
carefully his regeneration a.reas, and to destroy all injurious 
insects as soon as they appear, so as to prevent the spreading 
of the evil. In sucli cases, prompt action is essential. In 
many instances it is necessary to let areas lie fallow for a few 
years, until insects, which breed in the stools and the refuse 
of the old wood, have disappeared again. As an illustration, 
Ilylohius ahietisj the pine weevil, may be mentioned, which 
frequently hecomes disastrous to young Scotch pine and 
spruce woods, in the case of attacks by fungi, the diseased 
plants shoukl be removcid and destroyed as speedily as possible. 

2. Prebkhvation of a Proper Density of the Crop. 

In the majority of casern, it occurs that, for one reason or 
another, some of the plants fail, thus causing smaller or 
greater blanks. All these must be filled up without loss of 
time. Ah long as the young crop is only a few years old, 
recruiting, or beating up, can bo done with plants of the same 
kind as the original crop. Such plants may be obtained from 
nurseries, or, in the case of natural regeneration, they may be 
taken from places where tlio plants stand too close together. 
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Direct sowing is also done, but planting with strong plants is 
preferable, because these have a better chance of kcej)ing pace 
with the rest of the crop. 

If the original crop is already so far advanced that plants of 
the same species are not likely to (*atch it up, the recruiting 
must be done with a quicker growing species ; if this is not 
feasible, with a shade bearing sp(‘-cieB likely to stand the shade 
of the surrounding saplings. Unless beating up is done at 
once, it becomes v(u*y c5X))ensivo and uncertain in its results. 

Sometimes a young cTop of a valuable! species may be too 
tliin throughout the area, so that ihe. soil is exposed, and the 
young trees are not suflicienlly forced uj). In such cases it 
may be useful to iriicrplant tluj whole area with a quick grow- 
ing species, sucli as bircli, Scotch pine, or larcli, whicli remains 
until the first species has grown sufliciently to form by itself a 
complete leaf canopy. Fr(‘(juently, a portion of th(i filling 
species is retained as a permanent consiitiuait of the crop. 

Young woods, which are the result of dinjct sowing or of 
natural regeneration, are frequently, liere utid there, too densely 
stocked. If no action wore taken, tlie young trees would 
grow iq) too weedy and lanky ; hence, some of them must be 
removed. If they arc not to 1 h} used for planting elsewhere, 
they may he cut off closcj to the ground with a knife, sickle, 
billhook, or shears. If the plants have ah'eady reached some 
size, the removal of a portion nuist be doiu! gradually, else 
the remaining plants maybe bout over from bedng deprived of 
the support of their neighhours. 

8- Clkaking of Youno Woods. 

The cleaning of a young wood has for its object to remove 
in good time all growth which interferes with the proper 
development of the principal species. Huch interfering 
growth may consist of stool shoots amongst a sufficient 
number of seedling trees; mis-shapen or spreading young 
trees; trees which have accidentally establisluKl themselves by 
seed blown on to the area (as poplars, willows, and birch), or 
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carried there by animals, as sweet chestnuts, acorns, hazelnuts, 
and others. Often spruce, Scotch pine, lime, alder, and elm 
also appear where their cultivation was not intended. 

It would, however, bo a mistake to remove all such additions 
without distinction, bh'ecpiently, they are very welcome in 
filling up otherwise thin woods ; hence, they should be removed 
only where they interfere with the princiiial species. 

Mis-sha])on, spreading trees, which are not likely to develop 
into useful timber trees, should be unmercifully removed as 
early as possible, as tlicy will, interfere with the development 
of more promising neighbours. The same may be said of 
diseased trees. 

It is often (hisirablo to make several cleanings, especially 
where the undesirable growth forms a consMerable portion 
of the crop, and whore its removal at one time would leave 
blanks. In some cases, it may be judicious to accept a portion 
of the accidental growth as a constituent of the final crop, in 
others it may H<irve as a sheltGr-wood. 

At this Hta.g(j some pruning may be done. Where double 
leaders have been produced, one must be removed. Side 
branches of young trees may be shortened, especially those 
low down. 


4. PansmivATioN of a Vixovm Mixtuhe. 

This difficult Hubj(‘.ct must receive special attention while a 
wood is young ; much C4in he done to secure a proper mixture 
during the oi)erationB of recruiting and cleaning which have 
just boon descrilxid, by planting into blanks those species 
which are otherwise deficient in number, or by removing an 
excess in other places. 

Again, where one species is threatened by another, the latter 
can be chocked either by lopping off its side branches, by 
topping, ringing, or removing some of the trees. 

The operation demands the forester^s special attention, since 
it is much easier to produce a proper mixture at this early 
period of life than later on. 
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TENDING- OF FULLY STOCKED WOODS AFTER 
EARLY YOUTH. 

When tlie trees, which compose u wood, have become 
suliicieutly largo to close up and form a coinj)l(!te loaf canopy, 
several sources of injury disappear. \\ eeil growth has ceased 
to alfect the trees, and dangers from frost and drought have 
been reduced to' a minimum. Danger from lire is not so acute 
as during the early period of life, and in a tomp(!rat() climate it 
may disappear altogether, eH2)ecinlly in the case (»f broad leaved 
species. On the other hand, danger from insect, s and fungi con- 
tinues, while strong winds, snow and rime may lireak or throw 
down trees ; such damage may extend ov(!r considorablo areas. 

While the forester may tints bo rtdieved of some cares 
peculitir to young woods, he must henceforth tend them in 
other and very important dinjctions. lie must more jiiirticu- 
larly give to each tree thiit growing siaice which is best 
suited to its further develoimient, without sticrilicing the full 
activity of the soil; ho tnust also taktj rnoiisures to insure a high 
technical utility to the material under i)roduction. 

The jjrincipal silvicultural measure, h, by which justice is 
done to the above-mentioned requirements, may be arranged 
under the following three headings : — 

I. Eemoval of dead, injured, or otherwise undesirable trees. 

II. Pruning. 

III. Thinning. 

SECTION I.- REMOVAL OF DEAD, INJURED OR OTHERWISE 
UNDESIRABLE TREES. 

In every wood, trrses sicken, die, or are injured from a 
groat variety of causes. Amongst theso may he mentioned 
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an unfavourable soil, frost, drought, fire, hail, lightning, 
injuries to the crown, stem, or roots, attacks by insects or 
parasitic fungi. Again, the crowns and steins of trees may be 
broken by strong winds, snow and rime, or single trees and 
whole groups may bo thrown down. From one or the other 
of these causes, there will always be found a certain quantity 
of material, which, if not removed as speedily as possible, will 
stimulate the increase of injurious insects and of fungi. The 
latter have of late years been recognised as the cause of 
considerable damage to woods, since modern botanists have 
explained many important phenomena formerly imperfectly 
understood as to their origin. In this respect, attention is 
invited to the ravag(!S of Fonum (innosiis and Armillarea 
mdlm in Hcotcli pine and spruce woods ; of Trametes Pini, 
and Pendermlum Pini, the pine blister, in Scotch pine woods ; 
Dani/Hci/plia mUirittn, the larch canker fungus ; MclampHorella 
Cari/opItijUaccarum, the silvc'.r fir canker fungus, the various 
species of Poli/pi.rim on broad ksaveal and coniferous trees, etc. 

Far greaUir, however, than the danger from fungi is that 
from insects. Many species of the latter are apt to become 
disastrous to whobs woods, extending over large areas. Most 
of those find suitable conditions for multiplying in the presence 
of dead and dying trecss, refuse wood, stumps, etc. Hence, it 
is advisable that all such material should be removed as 
speedily as iwssible. 

Where regular thinnings, pnjscntly to be prescribed, are 
carried out, all dead and dying trees are removed at the same 
time. Buch thinnings occur only at certain intervals, and as 
it would b(! dotrimental in many cases to leave the dead 
material in the forest until the next thinning comes round, it 
is frequently noocissary to make special cuttings for the 
purpose of lannoving it; these are called “ thv/ cuttings” 
or “ chaning ciutings.” In carrying these out, all valuable 
material should bo used or sold, and the refuse burned under 
supervision, if danger from insects bo imminent, it may be 
necessary to romovts the stumps of trees as well, or at any 
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rate to bark them and the principal roots, or cover them with 
earth. 

SECTION II.-PBUNING. 

1. OjiJHOTS OP Pkunino. 

Where the ol)ject of management centres in tlio production 
of valuable timl)er, in other words of trees with long clean 
boles, it is necessary for them to lose their side branches up 
to a certain height from the ground. Trees wlubdi grow up in 
crowded woods lose tbeir lower ))rnaiches naturaJly, owing to 
the insuflicioncy of liglit, and this proctiss proceeds up the stem 
with the elevation of the leaf canopy from tlio ground. A 
great difference exists, however, in this respcjct between the 
various species of forest trees. Jiroadly sp(iaking, it may be 
said that ilie rapidity, with wbicli trtKis lose their lower 
branches in crowded woods, is inversely proportional to 
their power to bear shade. Hence, light demanding trees 
will lose their lower hranches (pucker than sluule boarors. In 
some cases, the dead brandies drop (julckly to tlui ground, and 
in others they remain for years pnxiucing knots and irregu- 
larity in the timber laid on in the nu^aniime. Tiajcs grown in 
the open retain their lower bramdios more or lijss tliroughout 
life, and they produce in conK(K]uen(*.e iimbcu’ of inferior value, 
as compared with trecis grown in fully Hto(;k(Hl woods. 

In the cases whore the lowov bramduis do not drop off 
naturally, they may be remov(Kl artibcially, and this process 
is termed Pruning.'' In Bilviculture,, the principal olijectsof 
pruning arc as follows 

(1.) Increase in the value of tluj pruned tree. 

(2.) Preeing younger growth from the too great cover 
caused by overhanging ivem. 

(8.) To stimulate tlui expansion of the crown in the 
upper part of the tree. 

Branchless boles are of greater vahui tlian those with 
branches, because the timber splits better, and the scant- 
lings sawn out of them have fewer knots, in order to realise 
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these advantages, pruning may be extended to the removal of 
dead branchos, or to that of green ones as well. Pruning 
may exercise an additional advantage in causing the bole to 
gi'oW more cylindrical, instead of approaching the shape of a 
cone ; in other words, it may make boles less tapering. 

The second of the above-mentioned cases occurs where a 
wood consists of two or more generations of different ages, as 
in coppice with standards, the selection system, two-storied 
high forest, etc. It may also occur in young woods, where a 
slow growing valuable species is threatened by a faster growing 
one. In such a. case, it may be preferable to prune the latter 
instead of removing it altogether. 

Trees with many side branches, which have been subjected 
to unfavourable conditions of growth, fre(j[ueiitly show signs 
of failing strength in the upper part of the crown. By removing- 
the lower l)ranches, tln^ vigour in the upper jiart may be 
restored, ddiis case a,])plieH specially, to oak standards, the 
boles of which, exposed to light after a prolonged crowded 
position, ha, VC developed cipicormic branches. 

2. ])AN(mUS (K)NNn(5TKI) WITH PRUNING. 

The removal of dry branches or remnants of branches is 
not, as a rul(5, conducive to any danger to the life or health of 
the tree, provided the operation bo carried out in a careful way. 
On the contra, ry, it often reduces the danger from rot, because 
it facilitates tlu-i ])roceBH of occlusion, or covering over of the 
wound by new hiyers of wood. 

Matters a, re different in the case of green branches. Here, the 
wound caused by the removal of the branch frequently causes 
rot, because the unprotected open wound offers a fit germinat- 
ing bed for the spores of fungi ; the wound, on drying, opens 
out in rents and cracks, into which rain water may carry the 
spores ; the latter germinate and cause decomposition, which 
spreads and reduces the value of the stem, or may entirely 
destroy it. Beveral dangerous parasitic species of fungi thus 
enter trees. 



300 TENDING OP OnoWOKT) WOODS APTPU EAltLY YOUTH. 


It is essential, tlieretore, that the wound sliould be closed as 
quickly as possible and made impermeable to the spores of 
fungi and to water. This is effected by nature through the 
process of occlusion, provided the wound does not exceed a 
certain size. The time required for this operation depends on 
the size of the wound, the vigour of the tixio, the manner in 
which the wound is made, and above all on the species. 

Pruning green branches is haist dangerous and objectionable 
in the case of oak and most conifers which are in vigorous 
health, ])rovided the operation is caiadully done and the wound 
does not exceed 3 inches in diame.ttjr. Oak closers the wound 
rapidly by occlusion, while wounds on conifers i^xude turpen- 
tine, which protects them to a considerable, extent. 

As regards otlier Europea.n sp(icic^s, the tivahmcaj is at present 
"conflicting. Pruning greum brancluis of poplars, birch and 
willows is undesirable, because their wood is liable to rot 
quickly. According to Ib^ss, sonn^ of tlie important species 
may be arranged in the following descunuling series in respect 
of the activity of occlusion :• — linxid Uuived npevien : Oak, 
beech, hornbeam, lime, ash, nmple, birch. (Jonifrn : Larch, 
silver fir, Bcotch pine, sprutan In tluj case of the last- 
mentioned species and of l)irch, the pruning away of green 
branches is, in the opinion of most foresters, altogether 
undesirable. 

Under any circurnstanccis, the pruning of gnam branches 
should not be undertaken without diui (tonsikhiration of the 
advantages wliich are likely to he realised and the dis- 
advantages connected witlt tins opcjration ; this is of special 
importance in all cases wlunaj the objects of management 
centre in the production of large sized timber, which can only 
bo obtained by permitting the Ircios to grow and increase for 
many years after the pruning has been carried out. If it has 
been decided to prune, the operation may be restricted to the 
sterns wliich are likely to form the final crop, and perhaps 
those which will he taken out at the final thinning. Nor 
should the pruning be <h>ne all at once to the full height 
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which it is proposed to clear of side branches; it is much 
better to do it l)y two or more instalments, as the higher 
branches become either dry, or at any rate somewhat inactive. 
In the case of silver fir in the Black Forest, treated under the 
selection system, pruning, when done at all, rarely extends 
over a greater length than 15 feet at a time, the operation 
moving higher up tlie stem at certain intervals with the 
advancing height growth. 

3. Execution of Piiunino. 

Where the object is to produce valuable timber trees, the 
branches should in all cases bo cut off close to the main stem, 
but without injuring the bark of tlie latter ; only in this way 
can cpiick occlusion c)f the wound be expected. If the object 
be merely to relieve young growth of cover overhead, the 
above rule nuiy bo neglected. 

The work may hv. done with tlui knife, hatchet, billhook, 
shears, or saw. Cutting instruments produce a smoother 
surface of the wound, hut, unless very carefully handled, 
injuries to the- bark of tluj main stem are likely to occur. 
The saw ]>roduc('>s a less smooth surface, but, if carefully 
handled, it does no injury l)eyoud the actual cut. Eleavy 
branches should lirst be cut off a short distance from the stem, 
and then, by a. second cuit, tlui nnuaining stump removed, to 
ensure tlui production of mi (jveii cut and to avoid tearing the 
bark of the main stem, 

Baws are ustid, either in connection with a light ladder, or 
they are platunl on poles. In the first case, pruning can be 
carried out to a considerable height. Saws placed on poles 
are effective only up to a moderate height, 12 to 18 feet. 

Of hatcliets, that constructed by Courval (Pig. 100) is 
recommcmded. Fig. 101 represents a pushing chisel, with 
which liranches can be removed up to a moderate height. 
Pig. 102 is a bowdess saw, and Fig. 103 an ordinary hand saw, 
Pig. 104 is a saw in the shape of a bayonet fastened on a pole, 
designed by the author ; it cuts with the downward stroke. 
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Fig. 105 represents Aliler’s pruning saw, which is also fastened 
to a pole. The two last mentioned are specially recommended, 
where the use of a ladder is not preferred. 

Wounds, wliich are so largo that they are not likely to be 
speedily closed by occlusion, must receive a waterproof cover- 
ing ; this is necessary even in pruning large branches of 
coniferous trc'.cs. 

The most suitable covering consists of a layer of coal tar, 
made sufliciontly fluid by an addition of oil of turpentine, and 
laid on with a brusli. Tho artificial covering will only stick 
on when tho sap is down ; hence, in temperate Europe the best 
time for pruning is autumn and the first half of winter. Dry 
branches and snags ma,y ho cut off at any time of the year, 
provided the living tissue of tlio tree is not injured during the 
operation. 

According tf) 11. llartig, pruning green branches while the 
tree is in sap causes a somewhat rapid decomposition of the 
wood near the wound. For tliis reason also, pruning in the 
first half of winter is recommended. 

SECTION III.-THINNING. 

1. Genioiul. 

One of the most important objects in the formation of a 
wood is to stock the aa'ca suifioiontly, so that a complete cover 
overhead may be, (islablishcd as early as possible. This is 
desirable, not oidy for the preservation of the soil, but also for 
a proper devolopnuuit of tho trees. In order to ensure early 
closing overhead, it is necessary to bring on to the ground a 
much larger number of plants than can find room on it for 
any prolonged period. Soon after a complete leaf canopy has 
been established, the trees commence pi-essing one against the 
other, there is not enough growing space for all, and a 
strupi/le for ndstenat sets in. A portion of the trees outgrow 
the rest, and they rear tlioir heads up to the full enjoyment 
of the light. Between and below them are the rest of the 
trees; some of these still enjoy with their leading shoots light 
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from above, though they are already surrounded by higher 
trees; otliers have already been left beln'nd to such an extent 
that they are actually deprived of the direct enjoyment of 
light, in other words they are suppressed ; they live on for a 
shorter or longer period according to species and otlier circinn- 
stances, and then die. 

Thus there are four principal classics of trees, namely : — 



I 0 {;. -Dia^unun in illiistrat<^ { imyrin'ory t»r Thinning. 

1. I )()minaDn;^ < rn(‘s. 2. Dnjiiuiatial Irnns. 

2, Sai)i)rcss<;<i trans. 1. D(*aU tnu's. 

(1.) Dominating trefiH, in lull enjoyinont of light from above, 

(2.) Dominated treoH, hoiumod in by the former. 

(3.) SupprcBBed trees, alive hut over Khadowed. 

(4.) Dead and dying treoH. 

This struggle, if not interfered with, continucH whilst height 
growth lasts, and it gradually reduces the growing space of 
each dominating tree to such an extent that tliey cannot 
develop in the most advantagooiiB manner ; consequently, such 
trees are likely to assume a thin, lanky shape, so that they 
are frequently unable to stand upright, if deprived of the 
support of their immediate neighbours. They are liable to be 



THINNING. 


305 


bent and broken by wind, snow, or rime. To obviate this, 
the forester interferes in good time by removing a portion of 
the trees ; he thins the wood. Thinnings, then, are cuttings 
which have for their object to provide for each tree left stand-1 
ing, and especially to those which are to remain until the end 
of the rotation, that growing space which is best suited for its' 
further development, according to the objects of management.! 
It is necessary to e-^plaiu this somewhat in detail. 

2. Tun MOST SUITADLE GrROWlNO SpACE. 

As the objects of management differ, so must the most 
suitable growing space. Apart from this, that space differs 
accorditig to the age of the wood, the species, the soil, 
elevation, and aspect of the locality. 

a. Objects of Manariement. 

A tree growing in a free position, in complete enjoyment of 
vertical and lateral light, will develop a full crown and root 
system, and lay on a maximum of volume. This is no doubt 
a great point, but it is counterbalanced by serious drawbacks : — 

In the first place, a wood grown in this fashion does by no 
means always product) the greatest volume per acre, as the 
total production is represented by the average volume per 
tree multiplied by the number of trees per acre. Although 
each tree in a crowded wood has a smaller volume than one 
grown isolated, yet, owing to the greater number of trees per 
acre, a crowded wood may have, and generally has, a greater 
total volurne per aci'o than one in which the trees grow 
isolated. Secondly, isolated trees are liable to suffer in height 
growth and in straightness. In the third place, such trees are 
generally covered with branches low down, and in consequence 
they produce less valuable timber. In the case of conifers, the 
timber is also liable to be of an inferior quality, owing to the 
greater breadth of the concentric rings. Last, but not least, 
open woods cannot preserve the fertility of the locality ; hence, 
they are only admissible on fertile localities, or special 
s. X 
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measures must be taken to preserve the fertility of the 
soil. 

These considerations govern the most profitable growing 
space in any particular case. It is conceivable that under 
certain conditions tlio correct policy is to remove all dead, 
suppressed, and dominated trees, and even a portion of the 
dominating trees, while in others the dominated and even 
suppressed trees may have to be carefully husbanded, so as 
to realise the objects of management in the highest possible 
degree. 
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h. Age of IVoocL 

As the niunber of trees per acre decreases gradually from 
several thousands to a comparatively small number at 
maturity, it follows that the growing space increases with 
advancing age, though not evenly. Statistics collected on this 
point gave the results sliown in the above table for pure woods 
of Scotch pitie, spruce, beech and oak grown on soils of first 
quality. 

These data show that : 

(1.) The increased requirement of space is very great 
between the ages of 20 and 60 years; it then falls 
gradually up to the age of 100 years. 

(2.) Many trecis must bo removed during the earlier part of 
a wood’s life, and comparatively few later on, always 
assuming that the area is to remain fully stocked. 


c. Species. 

Light demanding species require more spjace than shade 
bearers ; l)road-leavod species more than conifers. 

The above table shows that the light demanding Scotch pine 
requires considerably more growing space than the shade 
bearing spruce ; the latter loss than the broad-leaved beech, 
although it stands less shade. 

Comparing the growing s])aco of Scotcli pine, larch, oak, 
and bircli with that of spruce, beech, and silver fir, the 
proportion is about 100 to 05. 

(L Soil. 

Until some time past middle age, the number of trees is 
larger on poor than on rich soil ; afterwards the difference 
disappears. The reason is that the struggle for existence 
commences earlier and is more energetic on good than on poor 
soil. In this respect, considerable differences exist between 
the various species. 

X 2 
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e. Altitude. 

Under otherwise equal conditions, the muubcr of trees per 
acre increases with altitude, at any rate up to a certain 
elevation. The statistics of the Black Uorest for the three 
regions approximately indicated as l)e]ow 1,200, 1,200 — 2,400, 
and 2,400 — 8,000 feel showed the following proportion in the 
number of tree.s all of the same age : — 100, 120, 244. This 
law could not be established above 8,000 feet, because 
at that Iieiglit regular woods disaiipear. It was further 
noticed that the diileronee is more pronounced in the case of 
shade bearing species and during the earlier part of life, than 
in the case of light demanding species and later on in life. 

f. Aspect and- tilope. 

Aspect in itself causes only slight differences in the growing 
space. Southern and western aspects, in the case of beech in 
the Black Forest, had up to 5 per cent, more trees than 
northern and eastern aspects. Bioping ground has generally 
the same number of trees as level ground, other conditions 
being equal. 

(/. Huminnrti. 

It may be said that the average growing space per tree 
is, apart from age, greater in the case of light demanding 
species, on good soil, and in low elevation, than under the 
reverse conditions. 

In judging of the desirability ami the degrtse of thinning in 
any particular wood, the forester must take into cousidera- 
tion — 

I (1.) The objects of management, 
i (2.) The density of the crop. 

\ (3.) The age of the crop- 
\ (4.) The species. 

U5.) The character of the locality, its soil, climate, and the 

\ special external influences to which it is exposed. 
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3. The Theory op Thinning. 

Whatever tho objects of management may be, the theory of 
thinning may be summarised in the answers to the following 
three questions : — 

(1.) At what age of a wood should thinnings commence ? 

(2.) To what trees should they extend— in other words, how 
heavy should the cuttings be ? 

(3.) After what intervals should they be repeated ? 

Definite answers to these questions can be given only on 
the basis of accurate comparative statistics. The collection of 
such data is now in active progress in Europe, but some time 
must nocessiirily olapso bofore final conclusions can be drawn 
from thorn ; in tho meantime, the following observations seem 
justified. 

It has boon explained above that, during the struggle for 
existence, four diflorent classes of trees are produced, namely, 
dominating, dominated, suppressed, and dead trees, and the 
question arises in how far each of these should be interfered 
with at each thinning. It is obvious that the dead trees must 
be removed at every thinning, as they cannot influence the 
other throe classos, while their 2 )resence in the wood is a 
constant source of danger from insects and fungi, and in some 
cases from fire. Whotlujr, and to what extent, the suppressed 
trees, the dominated, and dominating trees should be removed 
depends, apart from species, chiefly on the character of the 
locality and tho objects of management. On fertile soils, an 
interruption of tho cover overhead is of comparatively small 
importance, but on inferior and even middling soils this should 
be avoided. In the latter eases, the dominated and even sup- 
pressed trees, or at any rate a portion of them, must be retained, 
whenever the dominating trees alone are not sufficiently 
numerous to provide a complete leaf canopy. If, on the other 
hand, the number of dominating trees is so large that they 
interfere with each other’s proper development, a portion of 
them may also be removed. 
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As regards the objects of management, it suffices in 
practical silviculture to distinguisli between the following 
two cases : — 

(a.) Production of the greatest quantity of material. 

(h.) „ „ higbost quality 

In some cases, the two objects may b(! realised by an 
identical treatment ; in others, the one demands a method 
of thinning dilTereut from that which is desirable in the 
other. 

a. Pro<Jii.clloii of the n mi I rat tpiantiti/ of Mate rial. 

Experience has shown that thegreat(‘.st qiiantity is produced 
in the shortest possibh; time ])y a vigorous development of the 
dominating trecis; so that the sui)pre.ssed and dominated trees 
are only retained so long as they are [-(squinul for the protection 
of the soil. 

i. Ci»n.iii<m<;rmrnt of Thiiiniiuja. — The first thinning should be 
made as soon as the struggle for existencti has commenebd, that 
is to say, when there is no longe,)- sunici<int space for the 
proper development of all trees. Such (iiirly thinnings are to 
the intcr(!st of the dominating trecis, wlnhdi thus arc enabled 
to lay on an extra (juantity of wood, ajid to acquire a greater 
power of resistanco against snow, rinui, and wind. In practice, 
they are somotinuiK <l(!layed, because their execution involves 
expenditure which may nut be covered by the receipts from 
the sale of the thinned-out material. The financial loss thus 
incurred, however, may bo more apparent than real, as it is 
generally more than covered by tins favourable development of 
the remaining trees. 

ii. Degree of Thinning.— A thinning is palled— 

“ Light,” when only dry and suppressed ^reos ar'O removed; 

“ Moderate,” when, in addition, the whole or part of the 
dominated trees is remov(.‘d ; 

“ Heavy,” when also a i)art of the dominating trees is cut; 
in this case the suppressed trees may bo left to give 
shelter to the soil. 
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In the present case, where quantity is the object, the 
thinnings slioukl on the whole be heavy, subject to tlie special 
requirements of the species and the preservation of a sufficient 
leaf canopy. As the demands on the growing space are very 
great during the first half of life, thinnings must then be 
comparatively heavier than later on ; heavier in the case of 
light demanding and quick growing than in that of shade 
bearing and slow growing species ; heavier on good than on 
poor soil. 

Much depends on the original density of the wood ; hence, 
direct sowings and woods resulting from natural regeneration 
require, as a rulo, heavier thinning than plantings. 

iii. Ilepctition. of Tldnnliujx. — Thinnings should be repeated, 
whenever tlnsy become necessary. The more energetic the 
growth, the quicker should the thinnings follow each other ; 
hence, the intervals will bo comparatively short during the first 
half of life, and they bocomo longer with advancing age. For 
the rest, the length of the intervals depends on the species and 
the quality of the soil. 

A freqmmt nipetition of the thinning should not be replaced 
by thinning too heavily at any particular time; such a 
measure would not secure the most favourable development 
of the dominating trees. 

In summing up, it may bo said that, where the object is to 
produce quantity, the thinnings should commence early, be 
heavy, and friunumtly repeated during the first half of the 
life of. a wood, and bo more moderate and repeated at longer 
intervals during the Hec(jnd half. 

h. Prwluetum of High-dass Timber. 

Where the production of high-class timber is aimed at, 
quantity must to some extent bo sacrificed. Trees fit to yield 
such timber must answer the following description: — 

(1.) The boles must bo tall, straight, free of branches, and 
as little tapering as possible. 
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(2.) Differences in the breadth of the concentric rings must 
he slight. 

(8.) The timber must have a high degree of denHit.y. 

Boles free from branches and non-tai)ering are not produced, 
if heavy thinnings are made at an early ago of the wood ; at 
any rate not in the same degree as if the wood wore kept 
dense, when the lower branches are more rapidly killed for 
want of light. Pruning cannot make uj) for this, though it 
can do something. 

Tliere is naturally a tendency to produce broader rings 
during youth than later on ; heavy thinning at an early age 
increases the difforonce, loading to the formation of trunks 
which consist of a number of broad rings in the centre part, 
surrounded by a series of narrow rings. Such tiinlier is for 
many purposos of sraaller value than if the rings are of 
uniform breadth throughout. 

As regards the density of the timber, a distinction must be 
made between the various species. In the case of those broad 
leaved species which have tlio pores in the spring portion of 
the wood, broad rings indicate high dimsity, and narrow rings 
comparatively low density ; here, luiavy thinnings are indi- 
cated. The same prol»ably holds good for species which have 
the pores uniformly distributed over the ring. In conife rs, 
however, the matter is reverse d, as in their case liroad rings 
usually represent low density and narrow rings high density; 
consecjuently, h eavy thi n nings must b e avoided , at any rate up 
to a certain age. 

On the whole, it may bo said that, in the production of 
high-class timber, heavy thinnings at an early age should be 
avoided. The rule here, according to which the thinnings are 
to be made, runs as follows : — 

The wood should be thinned lightly until towards the end 
of the principal height growth. Then the thinnings should 
gradually become heavier, so as to assist a selected number 
of the best trees by the gradual removal of the others. In 
this way, the breadth of the annual rings will be fairly even 
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throughout life, although the increment of the individual tree 
is increased. The method leads, towards the end of the rotation, 
to a moderate interruption of the cover which accelerates the 
decomposition of an accumulation of humus and brings the 
soil into the best possible condition for natural regeneration, 
when that is the object aimed at. 

Many and varied are the methods of thinnings which have 
been recommended. Some of these restrict the thinnings to 
the suppressed and dominated trees, while others prescribe the 
removal of a considerable portion of the dominating trees. 
The former are called “ cdauxie jvtr le has ” in French and 
‘‘ Nii'de.rduir.hJonUmij'' in Gorman. The latter are called 
“^dairrie par Ir. hmtt" in French and Ilodulurdi/orstung " 
in German; the thinning is then done more in the dominating 
and dominated trees than in those which have been left behind 
in the struggle for existence and no longer compete; the 
latter, if capable of living on, may be left to assist in the pro- 
tection of the soil, or to act as wind brakes. Whether much 
good is done by leaving such trees is doubtful. Their crowns 
are generally some distance from the ground, and they may 
carry on only a foohlo existence, so that their effect on the soil 
is very limited. Hxtonsivo experiments are being made on 
the continent of Kuropo to determine the advantages and 
disadvantages of the several systems of thinning, and in the 
meantime the rule given above is that which the author 
recommends as likely to load to the best results. 

4. Thinning of Mixed Woods. 

In the foregoing pages the theory of thinning as applicable 
to pure woods has been given. Generally, the points aimed 
at are to stimulate production and to develop the most suitable 
individuals for the final crop. In mixed woods, a third con- 
sideration presents itself in the preservation of a suitable 
mixture without interfering with the maintenance of a suffi- 
cient leaf canopy ; this leads to deviations from the theory 
as indicated above. 
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In the case of mixed woods, it may often he necessary to 
remove a dominating tree of one siwcios, ])ocan.se it threatens 
to suppress a tree of anotlier .species which must be preserved 
for the sake of tlie mixluro. To guard again.st an interruption 
of the cover in such cases, the dominated and (wen suiipressed 
trees must be more carefully husbanded than in pure woods, 
until, with the advancing age of the wood, the mixture has 
been secured. Frequent and light thinnings are in such 
cases indicated. Their actual degnie depends much on the 
light requirements of the more vahiahhi species in mixture. 
The operation is facilitate.d, if the several species are mixed by 
groups instead of by alteimating single trees. 

Whore a valuable timlter species is mixed with a 1c,sh valuable 
one, the former must bo favoured from an early ago, so as to 
bring it to the highest possible (hiveloianent, if nectissary at 
the oxi)onse of the less valuabhi speci(!s. As long as the valu- 
able species is of quicker growth than the other, the operation 
is comparatively simjdo ; but if it is of slower growth, all 
individuals of the secondary spocicss, which tliniaten to over -top 
it, must be cut away, until the principal species is secure. 

5. Thinning of (Joi'I'Ick Woods. 

These thinnings are conducted according to the same 
principles as in high forest, whenever the unmher of shoots 
is BO great that there is not (snough growing space for all. 
More especially in oak coppice, the quality and quantity of 
bark may be considerably inliuenced by leaving on each stool 
only the two or throe best shoots ami removing the others. 
Such thinnings are generally made in the second half of the 
rotation. In coppice with standards, such thinnings are 
frequently required to set free seedling plants growing 
amongst the coppice. 

6. PniNciPAD Advantagbs of Thinnings. 

The principal advantages of thinnings are as follows : — 

(a.) Thinnings give the means of guiding the development 
of a wood in accordance with the objects of management, 
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either by producing the greatest possible quantity, or 
the best possible quality of produce; in some cases, both 
these objects may be combined. 

(5.) They afford the means of preserving a suitable mixture 
in the case of mixed woods. 

(c.) Danger from insects, fungi, and fire is greatly reduced 
by the prompt removal of dead and sick trees. 

(d.) They afford the means of strengthening the trees 
destined for the final crop against damage by snow, 
rime, and wind. 

(/'.) They yield substantial early returns. 

The returns from tlhnnings should not be under-estimated, 
especially whore the ol)ject of management centres in the pro- 
duction of quantity, blven when the management centres 
in the prochictiou of first-class timber, the following relation 
between the thinnings and final returns exists on soils of the 
first quality and under a rotation of 100 years in each case : — 



Uf'tuniH in 8oli<l cnl)ic fnet poraerfl. 

Proportion of 
Thinnings to 








Final Returns 



Final Rotiirn. 

Total. 

in p(3r cont. 

vSilvcr fir 

4,710 

1 5,051) 

20,:!(>0 

BO 

kSpriKU! 

4,4dO 

14,800 

30 

Bcotrh piiiD 

:i,:i7o 

8,180 

11,500 

40 

Beech 

a,riiio 

8,010 

12, *130 

40 

Oak 

2, OHO 

8,800 

10,080 

32 


The value of thinnings is further increased, when their 
financial aspect is considered, as early returns have a decided 
influence upon the rate of interest yielded by forestry, 
provided they do not seriously affect the final return. 

7. Execution op Thinnings. 

The advantages of thinnings can be fully realised only if 
the operations are conducted in a careful and judicious 
manner; in other words, they must be attended to by a 
competent forester, and not left to the wood-cutters. 

In young woods, which have as yet a large number of trees 
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per acre, thinnings should generally be carried out in the 
presence of a competent forester ; only wliere the wood is 
absolutely uniform throughout, a siunple may he prepared as 
a guidance for the woodmen, and this only if the latter are 
thoroughly reliable and competent. In the more advanced 
stages of life, each tree to be removed should be marked 
sepai'ately and in the forester’s presence, and this is best 
done while the trees are in leni, so that the oflect of the 
removal may be properly judged. Special care is necessary 
where valuable timber trees are to be pi'oducod, whore domi- 
nating trees are to Ix^ reniovtal, and wluire ii proper mixture 
of species is to bo preserved. A good plan is to mark the trees 
destined for the final crop, and to remove! the others when the 
most fav'ourablo dovelopauint of the former n!([uires it. 

The exposed edges of a wood shoidd be thinned heavily 
from an early age onward, so that the remaining trees may 
retain their lower branches, and thus be traiiujd to withstand 
strong winds. If the wood be subject to the el'fecits of raw, 
cold, dry, or hot winds, the exposed edge should bo kespt as 
dense as possible, and an additional strip, som<i distance from 
it, may bo kept in a similar condition. 

The best time for the execution of thinnings is winter, but 
local circumstances demand deviations from this rule. In 
high mountains, they must be done in summer, as the localities 
are generally inaccessiblo <luring winter. 
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CHAPTER III. 

TENDING OP OPEN WOODS FOB, THE PBODXJCTION 
OF LAEGE TIMBEB. 

1. The Theory. 

In the forogoing chapter it has been shown how thinnings 
should bo conducted, il' the principal part of a wood — the 
donuuating troos— are to be given increased space and enjoy- 
ment of light, followed by increased increment, without, how- 
ever, interrupting the leaf canopy to such an extent as to 
affect injuriously the continued activity of the soil. Under 
this method of treatment, the one aim acts antagonistically to 
the other, and it is by no means easy to conciliate the two 
interests, irenee, the problem presents itself, whether the 
bettor portion of the dominating trees cannot be more com- 
pletely isolated, while the soil is protected by other means. 
There are other considerations which press the subject upon 
the attention of the foreshn-. Under the ordinary system, as 
described above, the production of large sized timber demands 
a high rotation, and any measures which tend to reduce the 
latter must h(i welcome. Experience has shown that by 
isolating the trees, timlasr of n certain size can be produced in 
little more than half the time required under the method of 
continuously fully stocked woods. 

Another point is that many, and more especially the light 
demanding, species have a natural tendency to open out, or to 
form large crowns. 

It is of a<lditional importance that under a system of heavy 
thinnings considerably larger intermediate yields are obtained 
early in the rotation. This, in conjunction with the more 
rapid development of the trees constituting the final crop, 
leads to more favourable financial results. 
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On the other hand, the early isolation of a portion of the 
trees has weighty drawbacks. In the case of many species, it 
may inj iiriously affect the heigl it growth of the trees. Then, 
isolated trees maintain their side branches low down, and even 
develop fresh ones, which for many pur2>0Hcs seriously reduce 
the value of the stems. In the case of conifers, the quality 
of timber also may bo lower, owing to the formation of 
exceptionally broad concentric rings. Isolated trees are 
further liable to form more tailoring boles than those grown in 
fully stocked woods. In the majority of casiis, a sufficient 
layer of humus cannot bo preservoil, its place being taken 
by weeds. Moreover, a suitaldo degree of moisture cannot be 
maintained. It follows that, excojit on really fertile soils, 
other moans must be devised to preserve the continued 
activity of the soil. This is done by tho introduction of an 
underwood, or soil protection wood. But even then it is 
found that tho extra diameter increment, laid on after isolating 
the trees, will hold out only on soils of some quality, while on 
indifferent soils it will, after a few years, sink back to its 
previous amount. 

Tho general tlmory of the nusthod of treatment in the case 
under consideration may shortly be described as follows : — 

Commencing with the first thinnings the most promising 
trees are singled out, ami these are isolated sufficiently by 
increasingly heavy thiimings, so as to permit tho introduction 
of an underwood. As soon as the latter has established itself, 
and is capable of protecting the soil, a further heavy thinning 
is made, by which the remaining trees are completely isolated. 
Subsequently, more thinnings follow, as required by the 
extension of the crowns of the over wood. 

The underwood can be established in a variety of ways, 
such as by sowing or planting, by natural seeding, or by 
coppicing a portion of the overwood. In some cases, the 
underwood itself is allowed to grow into timber trees (two- 
storied high forest) ; in others, it remains a soil protection 
wood, and is periodically coppiced. 
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The procedure differs considerably according to species and 
the objects of management. To meet the special requirements 
of each case, a considerable number of modifications have been 
elaborated. Some of these commence -with the isolation in 
early youth, while others during the greater part of the 
rotation follow tlie system described in the last chapter, and 
reserve to its latter part the isolation of the more valuable 
trees. 

Although the treatment has been recommended for almost 
all species, it is easy to perceive that thinly crowned species, 
which are generally light demanding, are better adapted for 
the method than those with a dense crown, as the underwood 
has a better chance of thriving under the former, and doing 
justice to the task which it is called upon to perform. In 
Britain, the oak, larch, and Bcotch pine have, in a rough way, 
been treated according to this method for a long time past. 
On the Continent, the treatment has been elaborated in 
comparatively recent times. 

2. Principal Forms of Treatment. 

a. holatUm of a f(’.w Scleckd Trees, ‘without Underwood. 

A limited number of selected trees are placed in a free 
position by removing all surrounding trees which threaten to 
interfere with them, the rest of the crop being kept in a fully 
stocked condition. The system should be applied only in 
case the main part of the wood consists of a species with full 
crowns, and where the selected trees are of quicker height 
growth than the rest, or have been given a start. 

To avoid loss of height growth and the retention of low 
side branches, the operation should not be commenced 
until towards the end of the period of principal height 
growth. 

The treatment is adapted to mixed woods of beech and 
light demanding broad leaved species, such as oak, ash, 
and elm. 
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h. Prolongation of the Jlrgeneration Period ■under the 
Shelter-wood. SijHteme. 

Woods treated under artilicial or natural regeneration under 
a shelter-wood offer excellent opportunities for the realisation 
of the extra increment due to an isolated position of a limited 
number of trees. In the same degree as the slielter-wood is 
thinned out by succe-ssivc cuttings, the remaining trees profit 
by accelerated increment ; the process can be further extended 
by retaining a limited nnnilxii: of trees for an extra term of 
years, or by ju'olonging the. regeneration period. 

The method is adapted b) thin crowned, wind firm tpees. 
Hhallow rooted trocss are lilody to be thrown by wind. The 
injurious effect of trees with crowns coming low down upon 
the youjig growth must be mitigated liy pruning away their 
lower branches. 

lielenlioii of Hiandardn in. lliijh Forent. 

A limited number of the most suitabhi tnios are, after the 
wood has boon regonorated, retaimsl as standaDls for part or 
the wliolo of th(! second rotation, and in some casim even for 
a third rotation. Only wind linn 8|)eeios are thoroughly 
suited for such treatment, and, moreover, the.y should be thin 
crowned. Tlu! number of standards depe.nds on the density 
of their crown and the (juality of the soil; only perfectly 
healthy, well-formed trees should he chosen, especially those 
which have cleared themselvats of branches to some height, to 
obviate the necessity of pruning. The tending of the proposed 
standards may usefully be commenced some time before the 
end of the first rotation, as indicated under «. 

d. Isolation of Trees in Vonjunetion with an Underwood. 

A wood is uniformly thinned, and an underwood introduced 
by sowing, planting, natural soedings, or by coppicing a portion 
of the ovorwood. Thoroughly satisfactory results are obtained 
only, if the overwood consists of thin crowned and the under- 
wood of shade bearing species. In temperate Europe, oak, 
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ash, elm, larch, and Kcotch pine are ihe species specially suited 
for the overwood, and beech, hornbeam, silver fir, spruce, and 
in some cases Doiiglas fir, Weymouth pine, sweet chestnut,’ ash, 
and hazel for the undei'wood. Sometimes the underwood is 
itself allowed to grow up into trees, when the system is called 
“two storied high forest” ; in other cases, when consisting of 
broad leaved species, it is treated only as a soil protection wood, 
and is periodically coppiced. .Beech makes the best under- 
wood, as it hoars much shade and improves the soil more than 
any other sp(icies. Bilvcu- iir comes near it. Hornbeam is 
best in frost localities. Riu-uce should be used only in fresh 
localities, as on dry soil it may cause the overwood to fall off 
in giowtih. Of latit^ years, various exotic trees have been used 
for iindoi planting, such as /[hicn fiTciiuHS) Jjawson\s cypress 
Tkum pUcata, Tmit/a Alhi'Hutna, Sitka spruce, and others. 

Wliore the undei-wood is permitted to attain the size of 
tiniher ti’ces, it is cut with the overwood j the latter may, 
however, he retained for two rotations of the underwood, thus 
irrodueing specially largo timb(5r. 

A few remarks on the tending of the more important species 
will further illustrate the method. 

i. Oak as OvEitwoon. 

A fully stocked oak wood is, when the proper time has 
arrived, thinned rather lioavily at frequent intervals, say 
every 5 to 10 years, according to the locality; during 
these operations, all trees with a tendency to lag behind are 
removed as well as ill-shapon and diseased trees. At the 
age of 80 to fjO. years, according to circumstances, a specially 
heavy thinning is made and the underwood started, beech 
being best for the purpose. When theTunderwood has estab- 
lished itself, say 10 to 15 years afterwards, another heavy 
thinning is made, by wliich the remaining trees are isolated. 
Subsequently more thinnings follow, at moderate intervals, in 
the same degree, as the oaks develop and threaten to close 
up again, 
s. 
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li is osliiina.te(l thai in this way a,h()ni 50 mk trees per 
acre, can he nuule U> nuich a diaain'tor in 120 yea.rH, which 
in a fully stocloHl wood thcw would n^ach in about 200 years. 

ii. IjARct! AH Ovnawoon. 

This l)(‘ing a qukdv(u* ^jjrowin^ and shorttu* Hv(*ti tree than 
oak, the first HjH‘cially heav’y thinnin*^; a,nd underplanting may 
1)(‘, done ]Hdw(^en the; 15th and BOih year. The underwood 
should consist of beech. Silver fir is a.Is<) recf)nnnended, but 
it grows slowly <luring ilie ea.rly pai'tof its lib*. Other species 
suitable hr uinlerphinting may he found in the Douglas lir, 
Wi^ymoul.h pine, a.nd the other exotics mentioned above. 

In this manmu’, 75 U> 100 hircli tr<‘es ])er atu’e may be 
brought to large timber size in tU) to 80 years. 

iii. SeoTOH Dinh as Ovimwotm. 

The heavy tbinniug and undi*rjdanting may lake place 
betwiien the 20th and dOth year. 'Be<ich is an excellent 
underwood, but spruce is also admissibht in this <'ase. Douglas 
fir and Weymouth pine may do, wluu’e the hajality is suitable. 
The last-numtioned Hpe<‘ie,s grow so rapidly that they will 
reacli timber sizaj at the same time as the Scotch pine. 

iv. Otukr SeHcins ah OvniDVoom 

Ash, elm, and sweet e!ie.stnut may he treati^d in a manner 
similar to that imlicahid for oak, hut ilu^ umlerwood is intro- 
duced at an mirlier age. Various otlun* speeit's. such as spruce, 
silver lir, and beech, edllier pure or mixed, have been tried 
and recommemled for treatnumt umba* this melliod, but the 
author does not consiiler it worth while to enter into a dis- 
cussion of the question, under what coiulitions and in how far 
they are suited for tlm purpose. 

KxHCUTtON OF THK WoEK. 

The selection of the trees for removal must be most care- 
fully considered, as mistakes made in this respect are difficult 
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to rectify. The main point is that, almost from the first 
thinning, the trees likely to form the final crop are favoured 
and trained for their ultimate purpose. They should consist 
of the best trees which are likely to develop into fine, valuable 
timber trees of large sine ; to enable this favoured portion of 
the wood to reach such i)roportions in the shortest possible 
time, much of tlie rest of the wood must be sacrificed. This 
should not be done, unless the sacriliee is more than covered 
by the special o.vc(‘llcnce of tins final crop, a case which can 
be expcicted to occur only on fairly favourable localities, 
which insure an o-xtra increment of the isolated trees during a 
considerable ])eriod of tiine, without favouring an objectionable 
development of siihi branches. 
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SILVIOULTUBAL BOTES ON BKITISH 
FOBl^ST TREES. 

Thu ilioory and pi-ac-tico of Kilviculfcure, as described in this 
work, have b(!f)n ilhislratod by instances taken from the more ’ 
huiiortant forest trees ffrown in temperate Europe. For the 
sake of roforonco, it will bo found useful to bring these scat- 
tered remarks and othcu’ information together in a set of 
notes on each of the trees which are of real silvicultural 
importance in (Iroat Britain and Ireland. 

The trees naturally arrange themselves into two groups, 
the broad leaved and conife.rous species. Of each group, the 
important shade boarors have beon placed first, as the notes on 
the light deinainhsrs depended on those referring to the former. 
Generally, tlu! notes have been made as short as possible ; if 
a full account of (sach tree had been given, this part would have 
attained the sise of a book. Apart from the author’s own 
experience!, the following works have been utilized: — 

//m- ; “ Die Eigonschattou und das forstliche Verhalten der 
wichtiger(!n 1 lolzarten.” 

FJtvrH (tud Hi'iiri/: “The Treos of G-reat .Britain and Ireland.” 

Ma/ir: “ Fremdliindischo Waldimd Ihu’kBiiume fur .Europa.” 

Tho following explanations will be useful: — 

(1.) Tho average specific gravity of air-dried wood has 
beon taken from Hess. 

(2.) By volume increment is here understood the mean 
annual production per acre in fully stocked woods, 
calculated from the increment of the most favourable 
rotation. 

(3.) Tho information about insects refers principally to 
Britain. 

(4.) The details regarding Insects and Fungi will be found 
in Volume IV. 
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Bsixur— .s'/z/mO'fvr (L,). 

<t. VtiUty. 

Boiich yields excellent firewood and very good charcoal. 
The thnher is not of much value where strength and durability 
are wanted; it is hriltle and short grained. Hpecific gravity, 
air dried, on an av(>nige, '7L rndw- water it lasts well, 
formerly the litnlier was much usial in machinery, especially 
by millwrights; nowadays iron has replaced it for many 
purposes. Beech wood is slill used for I'onstruction in the 
interior of houses, for furniture, in carpentry, turiuiry, etc., 
more tsspecially for the ma,mifacl.ure of chairs in Buckingham- 
shire and adjoining counties. By polishing, the wood can be 
made to assume the colour of mahogany. On the, Continent it 
is much used for packing cases, barrels, womhiu shoes (sabots), 
and heels of laduw’ hoots. It is used also for railway sleepers, 
after treatment with antiseptics. The leaves are used for 
litter, the nuts as fodder for pigs and deer ; tlie .seeds yield 
a superior oil. The wood is rich in potash. 

h. lHntribulioii. 

It is found in temperate Hnrope from Norway to the 
Mediterranean, or between the doth and (!Oth degree of 
latitude, also in VVostern Asia it is apparently indigenous in 
England, and found planted in Scotland and Ireland. It is a 
tree of the lower mountains ami plains ; going up to about 
700 feet in Norway, 1,200 feet in Derbyshire, •b.'iOOfeet in the 
Alps, and 7,000 feet on Mount Etna, 

<?• Lorality. 

Cllntaifi . — Beech is fairly hardy as regards winter frost, but 
very sensitive to late spring frosts, which, during early youth, 
frequently injure or even kill it. It also suffers from drought. 
It stands more shade than any other indigenous broad leaved 
species. It requires a fair amount of moisture in the air ; 
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hence, it grows well in the vicinity of the sea and on northern 
and eastern aspects, while it disappears in the eastern part 
of Europe owing to the drier continental climate. It is 
liable to be thrown by strong winds, but not to any excessive 
extent. 

(S'm'h— Beech recjuires a soil which is at least of middling 
depth, of ii, juoderalo degree of porosity, fresh and fertile ; it 
thrives best on loamy soils, and especially on marls and on 
calcareous soils generally ; also on sandy soils, provided they 
are thoroughly fresh a7id contain water at a moderate depth 
in the subsoil. Wet soils are unsuited, and inundations fatal 
to beech. 


(L Shape and Dere.lojiment. 

The stem of the beech divides, as a rule, only in the upper 
part; the crown remains oval until towards the end of the 
principal height growth, when it becomes flat or rounded off 
at the top. Owing to its shade bearing power, the crown 
extends far down the stem, if grown in the open. In fully 
stocked woods, the crown occupies about the upper third of 
the height of the tre(i. 

The root system extends to a moderate depth, the tap-root 
being of no importance after the lirst 5 or (i years. Beech is 
of slow height growth during the first years of life, compared 
with other broad leaved Hp(!cies ; when from 20 to 80 years 
old, the rate of height growth increases, so that it outgrows 
the other broad leaved indigenous species, as a rule also the 
oak, reaching an ultimate height of about 110 feet, and 
under specially favourable conditions considerably more. In 
Normandy, trees up to 150 feet high have been measured. 

Spruce, silver fir, larch, Weymouth pine, and Douglas fir 
attain, under ordinary conditions, a greater height than beech, 
though the silver fir grows slower during early youth. 

The volume increment of beech is greater than that of the 
other indigenous broad leaved species, but smaller than that 
of the principal conifers. According to the latest yield tables. 
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the total production of timber and firewood under a rotation 
of 100 years should bo the following : — 


Moult uiimial pUMluct ion por acre in cubic feci. 


QiiuHty of Jjowility. 

TimlHU'uiui Fu»*l, 

Tiiibi*'!' t>uly, down 
' b» P. inclicfi duuin‘b>r 
! on HtlJUll (‘JkJ. 

Timber tUHuu’dhig 
to t|u.Trt,ei' girth 
inu.'iHuriuiU'Ut. 

I., or IxiHti 

liVi 

i 121 

tdi 

H., or iniflfiliijf^^ 

m 

■ n 

oo 

n 1 ,, or lowoKt 

17 

22 

2‘1 

Avurjij^^o 

1 

, 77 

1 r»7 


If grown in crowded woods, betich as a rule does not I'each 
an age of much moi'c than 200 years : in tin; open, it attains 
a much greater age. 

c. Hi’protliKiirr Pmiwr. 

Beech commoneoB producing full crops of good seed at the 
age of about 00 years, if grown und<u- favourable conditions ; 
it yields heavy crops, but full masts cannot be counted on at 
shorter intervals than .'5 years, and often 10 to 15 years ; 
they are very plentiful ; partial masts occur during the 
intervals. Taking both factors togotluu*, the reproduction 
of beech by seed is less favoiirabU) than that of most other 
indigenous species. 

Iteproduction from tint stool is fiseble, as compared with most 
other broad leaved species ; it ceases after the age of 40 years, 
and the stools rarely produce vigorous shoots aftisr three or 
four rotations ; it is best on marls. 

f. Character and Comptmtion /;/' IVmkIh. 

Beech is eminently adapted for growing in pure woods, 
since it shades the soil thoroughly up to an advanced age, 
maintains, and even improves, its fertility, and hoars much 
shade. For the same reasons, it is e<jually well adapted to 
form the principal constituent of mixed woods. Probably no 
other species equals it in this respect. Trees like oak, ash. 
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maple, elm, silver fir, Scotch pine, larch, and also spruce, 
thrive best when mixed with beech ; in fact, this is the case 
with almost any species which thrive on localities suitable 
for beech, a subject dealt with under each species. 

r/. SilriadfHj'nl Si/steins. 

Beech is simcially adapted for high forest. It is less well 
suited for coppice woods, owing to its comparatively feeble 
reproductive power from the stool. It appears as underwood 
in coppice with standards.. In high forest, the rotation should 
range between HO and 1-10 years, in coppice between 20 and 
35 years. 

In high forest, it is grown in even aged and uneven 
aged woods ; large areas are treated as selection woods 
(Buckinghamshire). The systems best adapted for beech are 
the shelter-wood syst^uus, especially the uniform and group 
systems. It is the best Hi)eci 0 s for underplanting open woods 
of valuable timber trees. 

li. Formation of U'oods. 

Beech is specially adapted for' natural regeneration by seed 
under shelter-woods, if tlie cuttings are arranged in a suitable 
manner. Direct sowing and planting can also be done, but 
the young crf)p must bo sheltered, whenever late frosts and 
drought are apprehendod. 

The seed ripens in October, and falls shortly afterwards, 
retaining its gorminating jrower for about six months. Up to 
80 per cent, have laion found to germinate, but it is considered 
good seed if (55 per cent, germinate. One pound of seed 
contains, on an average, about 2,000 nuts. 

Direct sowings may be made in autumn or spring ; in the 
former case, the seeds are liable to attacks by animals, and 
the seedlings, owing to their early sprouting, to damage by 
spring frosts ; in the latter case, the nuts must be kept in an 
airy place or shed, and turned over periodically (during dry 
weather towards spring they may be slightly sprinkled with 
water to prevent drying up). If sown in spring, the nuts 
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sprout after four to six weeks. About 150 pounds of nuts 
per acre are required for broad-cast sowings and propor- 
tionally less for pnrtia,! sowings. The nuts receive a covering 
of three-quarters of an inch on soil of middling density, some- 
what more on loose and a little less on heavy soil. 

In nursericis, the seed is goimriilly sown in drills. The seed- 
lings may be left in the s(ie<l bed for one or two years, when 
they are pricked out in liiuis, the latter being about 12 inches 
apart, and the plants in the lines from -1 to H iiudres. When 
the plants have stood two yea.rs in the line.s, being then 
altogether either thnu! or four yisars old, they are ready for 
putting out into the forest. 'I'he.y are usually planted in pits 
from 3 to 4 feist apart. Wbisris well-shaisisd tiases sire aimed at, 
the planting distance should not las moi'e than 3 feet. For 
underplanting, two yeai’S old sessdlisigs are freipusntly used. As 
a general rules, tlsss sisedlitsgs aisd young plaists sasquire protection 
in the nursery against fj-ost, as wtsll as against hot sun. 

It is not desirable to prune beisch ishints. 

The process of natural regonisration iindisra shelter-wood is, 
on the whole, slow; it is (ss.sssntisd thsit tins soil should be 
brought into the ps-ojsor eoisdition for the gisrmination of the 
seed, as described on pagiss 23f) 7. If this his.s not lasisn done, 

the soil must ho wrsrked, whesi si sessd yrsar arrives ; this is 
beat done by light hoeing; the sessding cutting Is compsira- 
tively light, and this cuttings in this final stage ai'o regulated by 
the cbai'acter of the locality and the I'equireimiuts of the young 
crop. Under favourable circumstances, the whole regeneration 
period may Iso complotod in 10 yisars, bsit fi’oquisntly it extends 
to 20 years and even mos'o. 

i. TcHiitiiij. 

FmiiUly of the. Boil . — -Fully stocktsd beoch wisods preserve, 
and even improve, the fertility of the soil to a greater extent 
than any other species, owing to tlieir dense foliage up to an 
advanced age, and the heavy fall of leaves. 

External Dangers . — Late frosts are the greatest enemy of 
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beech ; during (iarl.y youth tliey kill or serioualy damage the 
plants, and even later on tlie tender parts of the tree are liable 
to suffer; hence, it must be raised under shelter, which is pro- 
vided either by the old crop, or by a special shelter-wood of 
hardy species, such as Kcotch pine, birch, and larch. In 
natural rcigenorations, the edges of the shelter- wood must be 
kept dense, to afford protection against cold winds. In the 
cultivation of blanks, an artilicial shelter-wood must be grown 
some years Iteforehand. 

Beech suffers also from drought while young. Later on, it 
is, more than any other sp(!cies, exposed to blistering of the 
bark by tlm sun; tlie bark is also separated from the wood if 
struck by tlm tuoriiingsun after a heavy night frost; hence, it 
is not \v(!ll suited for standards, apart from the heavy cover 
which the trese giv'es. 

Storms, snow, and rime are only to a limited extent hurtful 
in beech woods after (surly youth. Snow falls occurring in 
spring may, howisvcsi-, lauid and break the young trees. 

Giiltle and ganns lik(s to browse beech ; red deer, hares, 
rabbits, and mi(s(s pfsssl tlm bark. Insects, apart from the 
following H[)(5(si(tH, rarely do much damage. The leaves are 
devoured by hspidoptssrous larvic, especially those of Bomhyx 
pudihundo, and Ilnlitin pmniiitain, and sometimes the polypha- 
gouB lApurh iiiiiinndiii, as well as hy the weevil Onihcates fagi. 
An aphis, ( 'r/ipUirorriiH /iigi, kills old trees ; this pest has much 
incrcsuHcsd of labs ytsars. The freshly cut timber is liable 
to the attacks of I'omichUr, and other boring beetles. In 
nurseri(sH, the May cockchafer may do considerable damage 
by gnawing the roots of the plants. 

Of fungi, Plii/fojihtltant J’tuji destroys young seedlings; 
where it appears in large (piantities, seedlings cannot be raised 
for 5 to B years ; hence, nurseries must be changed, or used 
for other species. N<u-tria dit'mima causes canker on the 
stem, which may, however, also be the consequence of frost. 
The so-called green rot is due to Peziza tm'uginoaa. 

Pruning . — Beech stands prunning better than some other 
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species, but it is rarely, if over, done, unless the shade injures 
other more valuable timber trees. 

ThinnnKjK are commenced at the ap;o of 25 to 40 years, 
according to locality ; they should at first be moderate, after- 
wards heavy, where fine timber is wanted. For the produc- 
tion of firewood only, they may be heavy beginning at an 
early age. 

IIoRNHKAM— I{<’tl(hlH (L.). 

(t. mUti/. 

The hard and heavy wood is an excellent fuel, and it yields 
good charcoal. The timber is very tough, and is used in 
machinery by the millwright, for wlnuds, and a variety of 
other purposes. Specific gravity of air-dried wood, -75. The 
ashes are rich in potash. 'I'he leaves yield good fodder. 

Ii. D'mtriliutioii. 

It is found in temperate Europe up to the 67th degree of 
latitude in West Ilussia. Indigenous in the south of England; 
planted in Scotland and Ireland, does up to 1,200 feet in 
the Har/, Mountains, and to about 3,000 feet in the Alps; 
generally a tree of the low lands and low liills, but in the 
Caucasus it is said to go up to .'>,000 feet. 

i\ LorKUti/. 

(llimate ., — The hornbeam reiiuires only a moderate tempera- 
ture, and thrives even in cold moist localities unsuited for 
beech. It is one of the most frost hardy species, but rather 
tender as regards summer heat. It staiuls a considerable 
amount of shade, but not as much as beech. It seems to 
require a moderately moist atmosphere, and prefers north 
and oast aspects. It is to some extent liable to be thrown by 
wind, but resists snow and rime rather well. 

/Stn/. — Hornheam likes a soil which is somewhat loose, of 
at least middling depth, thoroughly fresit if not moist, and 
minerally rich. As regards moisture, it stands between beech 
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and ash, and in respect of niineral matter in the soil it is not 
quite so exacting as beech. Loams, sandy soils rich in humus, 
and marls suit it l>est ; here it attains its full development. 
At the same tinio it is found on dry soils, though of inferior 
development, and on heavy clay soils ; it frequently replaces 
beech in heavy soils and in frost localities. 

d. Sltajiit and Development. 

The stem of the hornbeam is generally divided into branches 
comparatively low down. The shape of the tree, if grown in 
a favoural)l(i loc.ality, approaches that of the beech ; on inferior 
soils it sinks down to an insigniilcant tree, with a short hole 
and largo crown. 'I'lio root system is not deep going ; there 
are strong side roots which reach a moderate depth. 

It grows somewhat ([uicker than beech during the first 
years of life, but it rarely reaches a total height of more 
than 75 foot. 

Its volunui incromont is considerably smaller than that of 
beech ; nor is hornbeam as long lived as the beech. 

lieprodnctive Power. 

Jhjrnboam commences bearing full crops of seed when 
about -10 years old, and it seeds plentifully almost every year, 
at any rate tivery otlujr year, so that its power of production 
by seed is on the whole gnsat. 

The nsproduetion from the stool is excellent; the shoots 
appear at any part which has been cojipiced. The stools last 
for hundreds of years; the tree is eminently suited for 
pollarding. 

f. (Ihnracter and Composition of Woods. 

Hornbeam appears in pure woods in Eastern Europe, and 
also in England (Kpping Forest). It is not equal to beech in 
its capacity for improving the fertility of the soil, since it has 
a lighter foliage, does not maintain a cover overhead so long, 
and does not bear so much shade ; the leaves also decompose 
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more rapidly than those of beech. At the same time, it stands 
next to beech in this respect amongst broad leaved species, and 
may replace it in localities unsnited for beech. 

Hornbeam appears chiefly in mixture with biiech and oak, 
but also, like the beech, with other species, but not to the 
same e.xtent. 

//. Silrirultuml Si/ntemtt. 

Hornbeam can bo grown as high forest, co))i)ice, or pollards. 
It appears as underwood in co[)pice with standards, and makes 
an excellent soil protection woo<l in open woods of valuable 
timber trees. It also makes excellent h(‘.dg(!S. 

As high forest, it would gtmerully be treated under a 
rotation not exceeding 100 y(^ars, as copjnce from 15 to 35 
years, and as pollards from 5 to 10 years. 

It. Formation of ll'oods. 

Hornbeam can bo sown, i)lanted, or naturally nsgenorated ; 
the latter is a suitable method. Howings and plantings do not 
require shelter. 

The seed ripens in October, and falls from that time until 
towards spring ; it kficps its germinating power for two or 
throe years ; up to HO per cent, are capable of germinating ; it 
is good seed, it (>5 per cent, germinate. One pound contains 
on an average about 15,000 clean seeds without wings. 

The seed, if sown in spring, germinates only in the second 
spring, that is to say, about eighUien months after ripening ; 
if sown fresh in autumn it somtimes germinates in the follow- 
ing spring. The host treatment consists in bedding it mixed 
with sand in a ditch, stirring it from time to time, and sowing 
it in the spring of the second year. About 35 pounds of seed 
per acre are re<iuired for broadcast sowings ; it requires a 
covering of about J to if of an inch. 

In nurseries, the seeti should ho sown in drills ; the 
seedlings may be pricked out when one year old. Plantings 
are done with plants three years old and upwards, the plants 



thk oaks. 


Presented By 

©. L. SaTh 

3.37 

being put about 4 feet apart. They stand pruning well 
The tree can also be propagated by cuttings, which may be 
several feet long; the latter method maybe employed for 
hedges. In regenerating hornbeam naturally by seed the 
seeding cutting is much heavier than for beech, whilL the 
remaining shelter-wood may be removed much more rapidly 
owing to the hardy nature of the tree. 


en 


Hornbeam is well adapted to maintain the fertility of the 
soil, but not to the same extent as beech. It is little 
threatened by external dangers; the tree is frost hardy but 
during youth liable to siiller from continued drought. Inun. 
dations affect it little, (himo and cattle browse the leaves and 
mice peel the bark, which is also sometimes done by red deer 
The damage healn, however, fj[nicldy. 

Ihe hornbeam rarely suffers from insect attacks The 
species infesting it are much the same as those of the’ beech 
n addition, the larva, of the Winter moth, Geometra 
bumata, strip tho hornboam of its young leaves. 
Fm,ii:—I<:xoasr.uH mrpini produces witches’ broom; canker 

on stems and branches is produced either by Nectria ditissinia 
or by frost. ’ 

On tho whole, hornbeam woods require little tending. The 
tree stands any amount of pruning. The thinnings are done 
on lines similar to those referring to beech during the first 

half of life; afterwards hornbeam thins out naturally more 
rapidly than beech. 


Oak — Quercus (Tournef.). 

The two species of oak which will be dealt with, are the 
Jinglisli or pedunculate Quercus pedunculata, Ehrb., and 
the sessile-flowered o&k=zQuercus aessiliflora, Salisb. Prom a 
81 vicultural point of view, they are so much alike that they 
may be taken together, any differences being specially noted.' 

Sf 
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<1. UiUiiy. 

Oak timber is the most valuable of the indigenous species; 
it is heavy, bard, very durable, and splits well ; it makes 
a good fuel. Tt is used for many purposes, in shipbuilding, 
housebuilding, implements, machinery, manufacture of casks 
(as split wood), railway sleepers, in fact for any purpose where 
a strong durable timber is required. Tlu', hark yields an 
excellent tanning material. Tlie acorns are good fodder for 
]iigs and deer, and arc a, Iso used for tanning and dyeing. 
Bpocilic gravity of air-dried wood: Pedunculate oak, -76, 
sessile-flowered oak, ’74. 

/;. Distribution. 

Piulnncuhtr Oah — Ml over Europe up to the fiOth degree 
of latitude, in North Africa, and eaHtwa.rds to Hyrify^ It is a 
tree of the low lands, ])ut go(!S up to l.noo hast (^oWition in 
England, to B,000 feet in the Alps, and to 4,500 feet in Greece. 
It is indigenous in Englm^d, Ireland, and in Scotland up to 
Sutherland; it ascends to 1,350 feel, in the Highlands. 

Smilfl Oak.—lkm not go quito as far north as the pedun- 
culate oak, but rises higher in the hills, up to 4,000 feet in the 
Alps, and to more than (>,000 foot on Mount Etna. Bomewhat 
more a tree of the low hills than the pedunculate oak, but 
becomes a tree of the low lands in the northern part of Europe. 

The pedunculate oak is more frequent in Jiritain than 
the sessile oak, but the) latter is common in Wales. 

c. Locality. 

Climate.— Qsk requires warm air ; it suffers from late frosts, 
but not 80 much as beech, as it sprouts later in spring; it 
also suffers from severe winter frosts. It is a light demanding 
species, which should have its head free to the full enjoyment 
of light. It does not require much moisture in the air. It is 
more storm-firm than any other indigenous species. 

The sessile oak requires somewhat less warmth in the air than 
the pedunculate species ; hence it goes higher in mountains. 
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Soil . — Oak requires a soil which is deep, at least fresh, 
warm, and fertile ; it accommodates itself to moist soil, and is 
not very sensitive as regards inundations. Fertile loamy soils 
cause its highest development, l)ut it is also found on clay, and 
on sandy soil if it is sufiieiontly moist. On the whole it is. 
one of the most exacting indigenous species. It thrives better 
on southern than on northern aspects. 

The sessile oak is somewhat less exacting as regards fertility, 
and requires a little lessmoisture in the soil ; hence, it is found 
on poorer and drier soils than the pedunculate oak. If grown 
as coppice, tho oak is less exacting than if grown as a timber 
tree. 

(1. Sliapii and Development. 

The stem of the oak has a decided tendency to divide into 
strong branches comparatively low down, forming a large 
spreading crown, which becomes flat or rounded off with 
advancing age. Tho branches are gnarled and knee-bent. 
The root system is doop going with a strong tap-root. Its 
height growth during youth is moderately fast, somewhat 
faster than that of beech, which before middle age catches it 
up. Whether l)aech or oak may ultimately reach the greatest 
height dopends on the locality. Generally, oak does not reach 
a total height of more than 110 feet. Under specially favour- 
able conditions, as in Normandy, it grows up to 150 feet 
high. It attains a great age, even up to 1,000 years. Oak 
reaches a large diameter. The volume increment is as 
follows under a rotation of 100 years : — 


Quality of Locality, 

Moan annual production per acre in cubic feat. 

Timber and Fuel. 

Timber only down 
to 8 Inches diameter 
on small end. 

Timber according 
to quarter girth 
measurement. 
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no 
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77 
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46 
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74 
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These data refer to pedunculate oak grown on lowlands; 
the production of sessile oak is slightly smaller. The pro- 
duction of oak on localities of the first cpuility is smaller 
than that of beech; it is larger on the 111. quality, because 
the minimum quality of locality, on which oak is grown, is 
higher than that used for beech. 

The shape of the sessile oak dilTers somewhat from that of 
the pedunculate species; its branches tend more upwards, 
and are less gnarled and knee bent, fts height growth is 
slightly slower while young ; afterwards it depends on local 
conditions as to which of the two oaks reaches ultimately the 
greatest height. 

c. Hcpi'oiliirlirr Potvi'r. 

Oak commoncos producing full masts at an age of about 70 
years; they occur every thnui to six years, and are heavy. 
On the whole, the power of roproduclion by seed is good. 

The reproduction by shoots is excellent : the shoots spring 
not only from the stool, but also from the trunk. Stools 
retain the power of reproduction for a very long time. 

/. Character and Gninpimition of Woodit. 

Oak is grown in p\ire woods, and in mixture with other 
species. Owing to the decided light requiremont of the oak 
and its tendency to form a spreading crown, it opens out at a 
comparatively early ag(s, generally bfilween the 40th and 60th 
years, when raised in crowded woods ; from that time onwards, 
it cannot afford sufficient shedter to the soil, which is liable to 
deteriorate during the long period required to produce large 
sized timber trees. Hence, oak woods should ho underplanted 
when the process of opening out has set in, or the tree must 
be mixed with species capable of preserving the fertility of the 
soil. Amongst those, beech is best, then come hornbeam, lime, 
and silver fir ; spruce is less suitable, but more so than was 
formerly believed ; Weymouth pine has also been used. 

Oak does splendidly in mixture with beech, attaining ^ 
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great height and a clear bole of considerable length. In some 
cases the oak holds its own against the beech, but in the 
majority of cases it is lial)le to bo outgrown ; in the latter case, 
the oak must be protected against the beech by lopping the 
latter, or placed in groups, or given a start of the beech, by 
raising it pure and bringing in the beech when the oak begins 
to thizi out. 

Where the locality does not suit the beech, the hornbeam 
frequently takes its place ; instances are frost localities and 
sandy soils in low lands. 'I’he oak holds its own against the 
hornbeam. 

When oak is mixed with silver fir, it requires a decided 
start, or it will after some time bo outgrown and suppressed. 
This mixture was onco recommended, but foresters have 
practically given it up of lato years. 

Spruce is 1o.s,h suited for permanent mixture with oak; the 
two species have a different character and demand different 
conditions of locality. At first, the oak grows faster, and 
afterwards the spruce. Frequently oak becomes stag headed 
when mixed or underplanted with spruce. 

When grown as standards in coppice, the oak is frequently 
mixed with many other species, such as ash, maple, elm, 
birch, larch, and Bcotch pine. 

Oak coppice woods grown for the sake of the bark should 
be pure, so as to obtain the highest possible returns ; if grown 
for other purposes, they are frequently mixed with a variety 
of other species, such as beech, hornbeam, ash, elm, maple, 
sweet chestnut, birch, hazel, willow, and aspen. 

(). SilncuUural Systems. 

Oak is equally well adapted for high forest or coppice, 
and for combinations of the two ; the sessile oak is a little 
more suited for coppice than the pedunculate species, because 
it is somewhat less exacting as regards fertility of soil, repro- 
duces better fi-om the stool, and the bark is easier to peel. A 
mixture of oak in beech woods is the best system for the 
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produciiioii of superior oak trees, also high forest with a soil 
protection wood, or two-storied high forest ; if trees of large 
diameter and moderate height are wanted, standards in coppice 
woods answer well. 


h. Formation of U'oodti. 

The oak is regenerated principally l>y sowing and planting, 
or by stool shoots in coppice, less frequently by natural 
regeneration by seed. 

The acorns ripen in October (pedunculate early, sessile 
late), and fall shortly atL(irwards ; they retain their ger- 
minating power for about six months, (iood s(Jed should 
show a germinating percentage of not less than (>5. One 
IJOund contains about 130 acorns of the pedunculate species, 
and about 1(30 of the sessile oak. 

Direct sowings are made in autumn or sprijig; as to the 
merits of the two seasons, see the remarks under beech (page 
331), Spring sowings sprout after 4 to (3 weeks. About 550 
pounds of acorns are rociuirtid |)or acre f(H' broadcast sowings; 
they are covered with about lA itichos of soil. Direct sowing 
yields tinor woods than planting. 

Sowings in nurstu-ios are generally made in drills, or the 
acorns are placed flush on the seed bed in ro\ys, and covered 
with T| inches of soil, Tlui seedlings should be pricked out 
when one year old ; they are ready for planting after two 
years more; frecpieatly older plants are used, which may 
have been pricked out a second time. Tlirea years old plants 
may be placed 3 feet apart, and older plants proportionately 
further. The plants statid pruning well, both on the crown 
and roots. They are generally planted out in pits. 

Seedling plants orus year old are frequently planted into the 
forest, as they are likely to grow into better trees than pricked 
out plants; not less than 8,000 seedling plants should be 
planted to the acre, so as to induce an early struggle for 
existence. 

In regenerating oak woods naturally by seed, the acorns 
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must frequently be brought artificially into the ground, either 
lightly hoeing the soil after the acorns have fallen, or by 
driving herds of swine through the woods. The seed trees 
are removed quickly, generally within a few years after the 
young crop has come up; otherwise the latter is likely to 
suffer from the shade of the mother trees. In the Spessart 
and other localities, oak is sown in groups of 1 to 10 acres in 
extent on the more favourable parts of beech woods, leaving a 
thin shelter-wood of the latter. As soon as the young crop 
of oaks is established, the shelter trees are removed, and the 
rest of the beech wood is then naturally regenerated for 
beech. In this way, the danger of the oak being suppressed 
by beech is avoided. 


i. Tendimj. 

Fertility of the Soil. — As already stated, pure oak high 
forest is rarely capable of preserving the fertility of the soil ; 
hence, such woods must be underplanted with shade bearing, 
dense crowned species. 

External JJanyers. — Young oak suffers from late frosts, but 
such damage heals easily, owing to the great reproductive 
power of the tree. Oak suffers much from frost cracks. It is 
very storm firm. Bnow and rime only break the branches, 
especially the lower ones. 

Cattle and game nibble oak freely ; red deer and mice peel 
the bark to some extent. Oak supports more insects than 
any other tree. Kaltenbach, in an incomplete list, enumerates 
over 500 species. The acorns may be destroyed by weevils 
(Balaninus), the young plants by wire-worm; the trees are 
frequently defoliated by Torbrix viridana, Qeometra hrmiata, 
Liparis monachn, Hyhernia defoliaria, and in South Europe by 
Cnethocampa processionea ; also by cockchafers. Many weevils 
eat the buds. The bark is injured, and sickly trees are killed, 
by species of Ayrilus and by Scolytus intricatm. The timber 
may be rendered valueless by the boring of Cossus larvae, 
or those of Longicorns, especially in Central Europe, by 
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Ceramhi/.r keros. Many gall-wasps attack the oak, chiefly ill 
grown, pollarded, or hedgerow trees ; they are only harmful 
in nurseries. 

The Mistletoe {Lorajifkiis ruroixeus) is found on the branches. 
Fungi are numerous on oak, hut the forester need irot be 
frightened by them. Canker appears on the stem, but it 
seems as yet doubtful wlusther it is produced by a fungus 
{Nectrid dilissima) or frost. White rot in tlu! stem is produced 
hy Polijjiorm iiiniarm and Ilj/tlniim diirrsidiois ; red rot with 
white strips by Stririiiii kirsohiiii ; red rot with white spots by 
Tclejdiora perdiu: ; rod, white, and yellow rot intermixed in 
elongated places by Poljiporiis dripidrus. Biie.dlings and young 
plants are dried up by Uosrlliiiiie ({unrina. 

On the whole, it is remarkable that <ixternal dangers do not 
do much damage to oak. The attacks of Tortrix rirUlann 
have, however, much increased of lato years, and whole oak 
woods may be soon leafless in the beginning of June, and 
until the second shoots appear towards the cmd of that month. 
This destruction of foliage causes a reduction of increment, 
but, as a rule, it does not otherwise alTecl the health of the 
trees much. 

Primiw). — The oak stands pruning well, but care should be 
taken to remove the branches while small, so that the wounds 
may be (piickly closed. 

Thinnmj. — As pure oak woods are gfuiorally underplanted, 
the thinnings should bo as follows : — During youth, say up to 
the age of 40 years, there should be only very light thinnings 
or none at all. Cleanings may be made to remove any 
undesirable species threatening the oak, such as birch, willows, 
and aspen. After this early periotl, the tliinnings should 
gradually become heavy, so as to develop a limited number of 
fine trees which are to form the final crop, assisted by an 
underwood if possible of beech to shelter the soil. 

Qiiercus rtihra, the red oak, has been much recommended of 
late years. It is a native of eastern and central North 
America, between the 40th and 4Gth degrees of latitude, where 
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it grows on low land and hilly ground, requiring somewhat 
less heat than the European oak, and also a less fertile 
soil. The timber is used much in the same way as the 
European oak, but it is of a quality inferior to that of 
the latter ; on this point, however, different opinions still 
prevail. Its specific gravity is about the same as that of 
sessile oak. The height and diameter growth is much quicker 
than that of the European oak for the first 50 years, but 
afterwards it falls off. The tree is light demanding. Eepro- 
ductive power is good. It is a handsome tree, which is well 
suited for mixture with beech. 

Qu.(;rciiR Cm'is, the Turkey oak, is not of much silvicultural, 
value. It is a tree of South Europe, which yields a heavy 
timber of a specific gravity of I’l on an average, but which is 
of inferior quality as compared with pedunculate and sessile 
oak. Its growth is somewhat more rapid, though it does not 
reach the same height or diameter. 

Asii — Fraximis excelsior (L.). 
a. Utility. 

The ash yields an excellent timber, hard, heavy and 
elastic, tough and durable ; specific gravity when air dried, '73. 
It is used for a groat variety of purposes, by the joiner, 
carpenter, wheelwright, sievewright, basket maker, etc. It 
also yields a very good fuel. The leaves are good fodder. 

h. Distribution. 

Europe up to* 02° latitude, also North Africa. It is indi- 
genous in Great Britain and Ireland, going up to 1,350 feet 
in Yorkshire. In the Alps it is seen up to 4,000 feet. 

c. Locality. 

Climate. — Ash does not require much heat, but it is very 
tender against late frost, and also drought. It is light 
demanding, standing next to oak, but it bears somewhat 
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more shade in youth. It likes moist air, and is storm 
firm. 

Soil. — Ash requires a deep, porous, moist and fertile soil. 
It is chiefly found in low lands, near rivers, and in the bottom 
or cool aspects of mountain valleys. Good loamy soils with 
some lime, also marls, suit it best ; it avoids sandy and acid 
soils. 


d. Shdpa Olid Dendopincnt. 

The ash has a straight stem, which divides into branches at 
about half its height ; it is specially liable to fork. The 
crown is of moderate extent and thin during the first half of 
the tree’s life ; afterwards it becomes broader. The I’oot 
system is extensive and deep going, with a tap-root ; the tree 
requires much growing space below ground. It is a rapid 
height grower, especially during the first half of its life; 
during the second half it is liable to bo outgrown by both 
beech and oak. It reachos a height of about 110 foot, and 
more under specially favourable conditions. 

Ash does not attain a very largo diameter. Its volume 
growth is smaller than that of oak ; the average annual 
production per aero may bo placoil at dU cubic feet quarter 
girth measurement. 

The upper ago limit of ash may bo placed at tiOO years ; in 
economic forestry it is rarely worked under a rotation of more 
than 80 years. 


e, liiqyrodiitdive Power. ' 

The tree commences producing full crops of seed when 
about 40 years old ; they are somewhat light, and occur about 
every other year. The reproduction by seed is on the whole 
good. 

If coppiced, the ash reproduces well from the stool, chiefly 
by stool shoots, but also by suckers, but the stools do not last 
very long. It also reproduces well when pollarded. 
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f. Character and Composition of Woods. 

Ash appears in pure woods, but owing to its light foliage it 
is not suited to ))c so grown except in very favourable localities. 
It is much hotter adapted for mixing with other species, 
especially beecli and also hornbeam. It is frequently found 
mixed with oak, alder, .maple, elm, lime, sweet chestnut, willow, 
poplar, and hazel, especially in coppice with standards, or coppice 
only. In .such mixtures, it generally holds its own against the 
other species. A mixture of ash and larch is undesirable, 
unless the latter is cut out at an early age. 

(/. SilricaUimd Systems. 

Ash is treated as high forest, copince, pollards, and as 
standards in coppice. If found pure in high forest, it requires 
underplanting, like the oak, best with beech. 

Ii. Formation of Woods. 

Ash woods are generally formed by planting, rarely by 
direct sowing, sometimes by natural regeneration. 

The seed ripens in October and falls during winter until 
spring ; it rtitains its gorminating power up to three years. 
Of good seed fiS per cent, should germinate. About 6,500 
clean seeds go to the pound. 

The seed germinates in the second spring, and should be 
treated like that of hornbeam (page 336). 

¥qv direct sowings, about 85 pounds of seed per acre are 
required. The seed should receive a covering of about f of 
an inch. 

In nurseries, the seed is generally sown in drills about 
March or April of the second year, after it has been lying 
imbedded in sand for 16 or 17 months ; the seedlings will be 
ready for pricking out in the following spring, and they may 
remain one, two, or more years in the nursery lines, according 
to the required class of plants. It maybe mentioned that the 
development of a suitable crown and stem can be regulated at 
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this period, by removing nunecessary buds and young shoots. 
Ash is usually planted in pits. 

i. Tending. 

Young plants are very liable to sufl'er from late and early 
frosts ; hence, some shelter is useful. This, however, must not 
be heavy, as the ash is light demanding. Tliey suffer much 
from browsing by cattle and deer, unless protected by a fence. 
Deer, rabbits, and mice also pool the stem. 

Insects and fungi are not very formidable. The leaves 
of the ash tree are rarely injured except by Geometm 
hrumata, and in Central Europe by the blister-beetle, Lytta 
resicatoria. The shoots are sometimes much stunhul by the 
larvie of a Tineid moth. Tinea riirtiseUa. The bark is sought 
and badly gnawed by the hornet. The ( Uimihe readily attack 
it, C. (emtuli preferring the saplings to any other food plant. 
The bark-beetles, Uylesinits fraxini and ere.imiun, kill sickly 
trees ; the former also attacks the upper bi-anches of healthy 
trees and kills them in a few years. 

Cankerous spots in the hark may bo caused by Nectria 
ditissinia. 

The thinnings of ash woods should be such as to enable the 
tree to lay on diameter increment, in other words to give it 
a liberal growing space at all times, and especially with 
advancing age. 

Fraxinm aniericana, the American ash, found from Canada 
to Carolina, is now much planted in Euroi)o. It demands a 
climate and soil similar to those of the European ash, but is 
perhaps satisfied with somewhat loss fertility, and is somewhat 
less exposed to damage by late frosts, as the leaves appear a 
week or two later. The wood is heavier and somewhat more 
elastic than that of the European ash. 

Elm— t/tous, (L.). 

The following two species will here be noticed : — 

(1.) the common elm, Ulinus campestris, Bm. 
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The Scotch, wych, or mountain 
Sm. 

a. Utilitij. 


elm, TJlmus 


montana, 


Elm yields a coarse timber which is hard, moderately 
heavy, difficult to split, very durable, even when exposed to 
alternate wet and dry. Bpeeific gravity of air-dried common 
elm, mean, *73, of mountain elm, -69. It is used for a 
great variety of pui-poses in rural districts, by the carpenter, 
joiner, wln^elwright, turner, boat-builder, and others. It 
yields a fair firewood, and the leaves are good fodder. The 
ashes yield excellent potash. 


h. Disirihuiioii. 

Common FAm . — Central and South Europe, North Africa, 
and Siberia ; goes up to 2,500 feet in the Alps. It is found 
in England up to an elevation of 1,500 feet in Derbyshire, 
also in Ireland, rarer in Scotland. Introduced into Britain, 
whore it does not, as a rule, bear fertile seed. 

Wiirh A7w;.-- -Europe and Siberia. Indigenous in Britain, 
going north to Sutherland, also in Ireland. Ascends to 1,800 
feet in Yorkshire, and to 4,000 feet in the Alps. 


c. Localitj/. 

CUmeiif^.—VAm reipiires a mild climate, but is not sensitive 
to late frost. Wych elm requires somewhat less heat than the 
common olra. It is a light demanding tree, but less so than 
oak and asli. The common elm is only fairly storm firm, the 
wych olra more so ; the branches of old trees are easily broken. 

»S'oi7.— Elm demands a deep, fairly porous, moist and fertile 
soil to do well ; hence, it is mostly found on alluvial soils in 
low lands and valleys. The wych elm is somewhat less 
exacting than the common elm. 

d. Shape and Development. 

The elm divides into branches at about half its height. 
The crown of the common elm is narrow and tends upwards; 
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the wyoh elm has a broader crown. The root system consists 
of a tap-root with numerous side roots ; at an advanced age 
the system becomes somewhat more shallow. It grows quicker 
than oak, but rather slower than ash, and reaches an ultimate 
height of about 110 feet; the <!oramon elm under specially 
favourable conditions up to 125 feet. It attains a consider- 
able diameter,* and reaches an age of -UK) years and more. 

c. lirpvoditctirf Poiri'r. 

The elm commences producing seed plentifully at the ago of 
about 40 years. The (u-o])s are heavy and o(!cur about every 
2 or 3 years; in Britain the seed of the common elm very 
rarely ripens. On the whole, the re[)roductivo power by seed 
is groat. Both elms have a gnuit reproduclive power from 
the stool, there being stool shoots and suduu-s ; they also 
reproduce well by stem slioots. 'rroes uiswards of 40 years 
old, when cut over, still roi)roduco well from the stool. 

/. Character ami CmnpoHifion of IVoaiht. 

Elm is not well suited for pure woods. It does much better 
mixed with beech and liornbeam ; it is also grown with oak, 
ash, alder, and others, not unfrequently in coppice with 
standards. It holds its own against tluise species, except 
beech, which may outgrow it during the second half of life. 
If pure, elm should bo underplanted like oak. It is much 
grown as a hedgerow tree. 

ff. Silvicultural Si/sicms. 

High forest, standards in coppice, copjjico, and pollards. 

h. Formation of Woods. 

The elm is generally planted ; the plants are either raised 
from seed, or they consist of suckers or layers. As the seed 
of the common elm docs not ripen in Britain, it is generally 
propagated in the latter way in this country. 

* The iiiithor has seen, at Sehlmsheinti, in Khenisit ilcKsia, a common elm tree 
of 14 feet (iiameter measured at 8 feet from the gmunil. 
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The seed idpens in May to June and falls almost immedi- 
ately ; it keeps its germinating power only for a short time, 
and must lie sown at once. If 30 per cent, germinate, it is 
considered good seed. There are about 60,000 seeds to the 
pound. In nurseries, the seed is best sown broadcast and very 
slightly coverod with fine earth, one-tenth of an inch being 
sufficient; it germinates after 2—3 weeks. The seedlings 
may be placed in nursery lines in the following spring, and 
they are fit to bo put out after another year, though they 
fretiuently remain longer in the nursery. 

The methods of obtaining layers and suckers have been 
indicated on pages 230—31. 

i. T&nding. 

The <',lni, being hardy, does not require much tending if 
grown mixed with other species. Cattle and deer do damage 
by browsing, but the damage is quickly healed. Insects and 
fungi do a moderate amount of damage. The elm suffers 
from two scalo-insoets, Sc.Mzoneiira lanigera and Lecanium 
vagahmdum ; the latter lives on the stems of saplings, destroy- 
ing large patches of bark. Elms have been much injured by 
two bark-beetles, ITi/lmnus vittatas in Central Europe, and 
Scolijtm Geglfroiil (ikstructor, 01.). The latter is exceedingly 
harmful to the unhealthy elms growing near large towns ; it 
also attacks trees in the open country, selecting weak spots, 
generally the extremities of old branches at the summit of 
the tree, and working down the trunk year by year. Otfmgi 
nothing need be mentioned. 

Elm generally holds its own against the species with which 
it is usually mixed, except perhaps beech, but from middle age 
upwards it must be given a liberal growing space by thinning 
away the other species to a sufficient extent. 

Bwbbt Chestnut — Castahea vesca (Gssrtn.). 
a. Utility. 

The chestnut yields a fairly hard, moderately heavy timber, 
splits well, durable- Specific gravity air dried, ’fil. Young 
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chestnui: is said to be more durable as fencing i)osts than 
young oak. Afterwards, the tree is liable to become shaky, 
and the timber is less valuable than oak timber. Used 
for building, in carpentry, staves for wine casks, vine stakes, 
hop poles, pit timlier, etc. It is not a very good firewood, but 
the charcoal is much appreciated by blacksmiths. The bark 
is used for tanning. The fruit is eaten. 

h. Distriliuiwu. 

It is indigenous in the south and south-west of Europe, 
in Asia Minor, the Caucasus, and Persia ; introduced into 
Britain, where the fruit docis not always ripen. It rises to 
2,800 feet in the Alps. 

In its natural homo, the chestnut is a tree of the lower hills 
and mountains ; rarely found in the low lands. 


c. Localifi/. 

Climatfl . — Eeciuires a mild climate, is tender against late 
and early frost and also severe winter cold ; drought also does 
not suit it. Chestnut is a light demanding tree, but less so 
than oak. During youth it stands some shade, so that it 
thrives under Scotch pine woods. Ijater on in life it becomes 
more light demanding. It is storm firm. 

Soil — Chestnut likes a deoi), poi’onH, fresh and fertile soil. 
It can grow in rather dry soil if deep, but avoids wot localities. 
A loamy sand suits it best ; it does not like heavy or calcareous 
soils. 


d. Shqie and Decchpment. 

Chestnut has a straight stem, which, however, branches at 
a moderate height. If space permits, it produces a broad 
crown, which is fairly dense. The root system is deep going, 
resembling that of the oak. 

The height growth during youth is somewhat more rapid 
than that of oak, but it does not reach quite the same height 
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as the latter. It attains a very large diameter,* and it is a 
long lived tree, reaching an age of some 400 years. 

Its mean anmml increment is greater than that of oak. 

e. Reproductive Poioer. 

Chestnut comes into full bearing at the age of about 
50 years. Full seed years occur every 2 or 3 years, though 
some seed is produced almost annually. 

The reproductive power from the stool is very great ; even 
the stools of trees up to 100 years old, when cut over, yield 
shoots ; the stools last a long time. 

j'. Character aad CompodtUm of Woods. 

The chestnut is not very suitable for growing in pure woods 
as high forest, as it opens out about the same time as the oak, 
though not to the same extent. 8uch woods require under- 
planting. It is, however, grown pure as coppice. It does 
well in mi-xture with beech and oak as high forest ; in coppice, 
it is grown mixed with many species, as beech, oak, ash, elm, 
maple, lime, birch, hazel, willow, aspen, etc. 

(j. Silricultural Systems. 

High forest, standanls in coppice, but chiefly coppice. In 
Southern Europe, it is much grown as a fruit tree in open 
woods. As high forest, it is treated under a rotation gener- 
ally not exceeding 100 years, as coppice under one of 5 to 30 
years, according to the size of the required material. 

h. Formation of Woods. 

Direct sowing is done, but chiefly planting. The chestnuts 
ripen in October and fall immediately. They retain their 
germinating power for about 6 months. Of good chestnuts, 
not less than 60 per cent, should germinate. One pound 
contains about 100 chestnuts. 

Direct sowings should be made in spring, as the chestnuts 

• A chestnut tree on Mount Etna is reported to have a girth of about 
200 feet (Dhbner-Nobbe) 
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are liable to be eaten by mice if sown in autumn ; they should 
not be sown too early, as the young seedlings are tender 
against late frosts. The chestnuts should be covered with 
about 1^ inches of .soil; they germinate after 5 or G weeks. 

The treatment of chestnut in nurseries is similar to that 
described for oak. 


i. Tciidinti. 

Young chestnuts must be protected against late and early 
frosts, either by sheltering them artilicially or by raising 
them in sheltered localitie.s. They also ro(iuiro protection 
against cattle and deer, which browse them. Further on in 
life, chestnut suffers much from frost cracks and shakiness. 

Damage by insects and fungi is not of much importance. 
The otdy part of the sweet chestnut, as a rule, liable to damage 
by insects is the fruit, the crop of which may be much lessened 
by the internal-feeding larvae of species of Carpocapsidee 
among the Tortrices. 

The chestnut stands pruning well. 

Thinnings are made as in the case of oak. 

Mai’I,k — Acer (L.). 

The following two species are grown as forest trees in 
Britain 

(1.) The great maple, or sycamore, Aur Pseudo-platanus, L. 

(2.) The Norway maple, Acer platanoiden, L. 


a. Utility. 

The white or yellowish-white timber of the two maples is 
moderately heavy (sycamore, specific gravity, air dried, '67, 
Norway maple, '74), hai*d, fairly durable under cover, but of 
short duration in the open. It has great heating power, but 
is not an agreeable fuel for domestic purposes. It is used by 
the joiner, for finer wheelwright’s work, carving, mathematical 
instruments, rollers in cotton mills, and a variety of other 
purposes. The leaves yield good fodder. 
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The timber of the sycamore is somewhat preferred to that 
of the Norway maple. 

h. Distribution. 

Syeaniore. — Middle Europe and Western Asia. Goes higher 
in mountains than the boech ; up to 5,000 feet in the Alps. 
Introduced into Britain. 

Norway Maplr. — Europe, Asia Minor and Caucasus. Goes 
further north than the sycamore, up to 62° of latitude; it 
does not go as high as the sycamore in mountains ; to about 
4,000 feofc in the Alps. Not indigenous in Britain. 

c. Locality. 

CUmata. — The maplo gonerally makes small demands on the 
temperature, but it Huflors somewhat from late frosts, and also 
from excessive boat ; it is liardy as regards winter cold. It 
prefers moist air. As regards light requirement, it stands 
about half-way between light demanders and shade bearers. 
Maple is a storm linn tree. The Norway maple is adapted 
for cultivatinti by the seaside ; it is more a tree of the 
plains than the sycamore ; it also suffers less from late frosts. 

tSoil . — Maple reciiiiros a deep, fresh, and fertile soil ; Norway 
maplo can <lo with somewhat less fertile soil than sycamore, 
also with loss moisture, but stands a higher degree of it than 
the other maple. 

(1. Shape and Development. 

The stem of the maple, though straight, divides rather low 
down into branches ; it forms a large oval crown if grown in 
the open, which is of moderate density. In crowded woods 
the maple develops a tall, cylindrical stem, with a small 
crown restricted to the upper part of the stem. The root 
system is deep going, somewhat less so in Norway maple. 
Maple at first shows quick height growth, which falls off 
comparatively early, so that it is liable to be passed by beech, 
though it may ultimately reach nearly the same height. Both 

A A 2 
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maples reach a large diamctor, and an age of 400 years and 
more. 

r. lirprodiictire Poirrr. 

Sycamore })roduco8 full crops of seed afte.r the age of 40 
years, Norway maple a few years earlier; they are not very 
heavy, and occur about ovtsry other year. On the whole, the 
rein’oductive power by seed is good ; that from the stool is 
modoraki, and the stools do not last long. 

/. Clumii’frr itml ('oinpoHiliiiii of Ifhod.s. 

Though maiilc is fairly well adapkul for pure woods, it is 
generally mixed with other spcicies, espocialiy beech, also oak, 
and oven conifers. 


//, SiltdciiltHral iSjfuti'iiiK. 

High forest, standaixls in cop])ice, and coppice. 

h. Ft)7’m((ti(>n of Woiidn. 

Ma])le is g<!norally planted, though it rc.produces naturally 
wherever it has a chance. 

The seed ripens in S<(ptomb(ir to October ; it falls in 
October and into the winter months. The germinating 
power disiippears rapidly after the following spring. Good 
seed should show a gonuinating perceutago of at least 65. 
One pound of 8(5G<1 of sycamore contains about 6,000 seeds, of 
Norway maple somewhat morcf. 

The best plan consists in bedding the seiid, as in the case of 
ash and hornbeam, sowing it in drills in the spring, as soon 
as it shows signs of germinating ; the stsed should he covered 
at least to a depth of ^ of an inch, hut 1:| inch is not too much. 
The cotyledons appear in that case after about 2 weeks, if 
the weather is warm. Seed kei)t over winter and sown in 
spring germinates after 4 to 0 weeks, and sometimes only in 
the second spring. The seedlings may he removed into nursery 
lines when one year old. 

Maple is generally planted out in pits. 
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L Tending. 

Maple, while young, requires some protection against late 
frosts. It is browsed hy deer, also sometimes peeled, but it 
is little injured by insects. The seedlings are sometimes 
destroyed by wireworm. The roots of saplings may be 
attacked hy chafer-grul)s, whose imagos may defoliate the 
tree, as well as the larva; of Acronyctn aceris. Cossiis asculi 
will kill young trees. 

Fungi are of little importance. The black spots on the 
leaves are duo to Wii/tiHina aoerimm. Fhytophthora fagi 
sometimes kills young seedlings. 

Mistletoe is found on maple. 

Pruning should ho avoided. 

Thinningif, ■ Thii maple should be given an ample growing 
space when the height growth begins to fall off. 

CojiMON Aldkr — Abuts glutinosa (Gsertn.). 
a. Utility. 

The specific gravity of air dried wood is, on an average, ‘53 
The timhor is soft, splits easily, does not last in the open, but 
well under water, and is used accordingly; it is also used for clog 
making, herring barrel staves, for cigar boxes, and cooperage. 
It yields an inferior fuel, but a charcoal well adapted for the 
manufacture of gunpowder, for which purpose, however, it is 
no longer much used. The bark is used for tanning. 

1). Distribution. 

It is found in most parts of Europe up to 63° of latitude, in 
Northern Africa, and in Western and Northern Asia. It is 
indigenous in Great Britain and Ireland. It goes up to 1,600 
feet in the Beoteh Highlands, and to about 3,500 in the Alps. 

c. Locality. 

Climate . — Alder requires little warmth, is fairly hardy 
against frost, but very sensitive to drought, it is a light 
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demanding tree, standing about on a par with elm, but some- 
what below oak. It renuires moist air, and suffers from snow 
and rime, which break the branches. 

Soil . — Alder requires a porous, moist soil of at least 
middling depth. Moisture is specially wanted in the sub- 
soil. Although it requires more moisture than the commoner 
forest trees, it does not thrive in stagnant water, it is at 
least moderately (exacting as regards the cliemical composition 
of the soil. It does 1>eHt on sandy loam rich in humus, and 
thrives even on peat soil ; cold clay and dry sand do not suit 
it. Alder is principally found along river banks in the low 
lands, and at the bottom of mountain valleys. It does not 
seem to be particular about aspect. 

(1. Sh(i}>r- (Dill Di'ccloiiment. 

Alder develops a straight stem, which divides only in the 
upper part ; the branches are of moderate size with a rather 
thin foliage. The root system consists of a number of deep 
going side roots, which branch in tho subsoil and end in 
numerous fine rootUits. It is a qui<!k grower, but rarely 
reaches a lioight of ITi feet, generally considorahly less; it 
lives, as a rule, to an ago not exceeding lf>0 years, only 
exceptionally longer. A mean annual increment of about 45 
cubic feet quarter girth ineaKurement per acre may he expected. 

«. Hi'imxlnctii'i: Puiiwr, 

Alder begins to seed fully at tho age of about 530 years; 
the crojiB of seed are heavy, and they occur about every 
year or two. On tlio whole, the energy of reproduction by 
seed is moderate. The reproductive power from tho stool is 
strong and enduring ; the tree produces stool shoots. 

/. VharucU'r and Composition of Woods. 

Pure woods of alder are found in moist or wet localities, 
where a dense shelterii>g of the ground is either not essential, 
or even undesirable, it is also found in mixture with other 
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species, especially with ash, birch, elm, or oak, generally 
occupying the inoister parts of the woods. 

(j. Silvieultural Systems. 

Alder is mostly treated as coppice, either by itself or as 
underwood under standards. It is also found in high forest ; 
in that case rarely pure but generally in mixture with other 
species. As coppice, it is treated under a rotation up to 40 
years ; in high foi'est under one of 50 to 80 years. Coppice 
shoots reach about the same height as seedling trees. 

h. Formation of Woods. 

Alder woods are generally formed by planting, and then 
either coppiced, or, if treated as high forest, replanted after 
cutting. The platrts are sometimes raised from cuttings and 
layers, but generally from seed. 

The seed ripon.s in October, and falls from November until 
spring. It maintains its germinating power for about one 
year ; if 80 per cent, germinate, it is considered good seed, 
but frequently a much smaller percentage is fit to germinate. 
One pound contains about 260,000 seeds. 

For direct sowings, about 16 pounds of seed would be 
required per acre, but such sowings are rarely made; the' 
seeds should receive a light covering of about two-fifths of 
an inch, and they germinate, if sown in spring, after 4 to 6 
weeks. 

In nurseries, a moist part should be chosen for the seed 
beds ; at any rate they must be kept moist after sowing. The 
seed is sown broadcast. When one year old, the seedlings 
may be pricked out, and left one or two years in the nursery 
lines. 

The planting is mostly done in pits. 

i. Tending. 

Alder does not require much tending. When quite young, 
it is liable to suffer from frost lifting, owing to the moist con- 
dition of the soil where it is usually grown. This can be 
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prevented by covering the space between the plants; any 
plants actually lifted must bo promptly put back into the 
ground. 

Considerable danger may tliroaten aldc-r from the drying 
up of the subsoil owing to a change in the level of the ground 
water. Buch danger must, as far as practicable, be avoided, 
by preventing the water from Ixjing drained away. At the 
same time, inundation may do much damage, especially if it 
occurs after a wood has laion coppuuid, and if the water 
covers the stools, or if sheets of ice form over young 
plantations. 

Insects and fungi do little damage. 'I’lie foliage of alder 
may be injured by Tortrix. larvje, or by the plant-beetles, 
Agdastica aliii and Lina (cncii, Isith uncommon in I'lngland. 
The bark of young alders is attackeil by a weiivil, Ori/pfor- 
rlti/nchns lapathi, which breeds in their stems. Older trees 
are bored by the CmsuU/' and one or two iScniax. 

Of fungi Nixtria ilUinxiina may cause cankerous formations, 
and Polppofus utilphnirtix red rot in the stem. Ll.vaascus 
torfiafw causes witches’ broom, and soviiral other spocies of this 
genus are found on the hsavits and flowers. 

Aluus inamu, the white or grey alder, is sometimes planted 
along tlio biinks of rivers and iji localities liable to inundation. 
The tree produces numerous suckers ; hence, it has been used 
to cover spoil heaps. It is alstj employed in Franco in 
roboisoment works. Its timber is, on the whohs, of less value 
than that of the common alder. 

Birch — lieUda alba (L.). 

«. VtUity, 

The timber is fairly heavy; specific gravity of air-dried 
wood, ‘di); moderately hard, does imt split well, of small 
durability ; good firewood ; is also converted into charcoal 
for the manufacture of gunpowder. The timber is used by 
joiners, wheelwrights, and for coarse carvings; in Britain 
extensively used for bobbins, also for herring barrels. The 
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branches, ami still moi-e young shoots and trees, are used for 
■withes, brooms, etc. The hark is used for tanning and the 
manufacture of small vessels and boxes. 

h, DistrihMioH. 

It is chiefly found in Northern and Eastern Europe ; also 
in Northern Asia and in North America (a variety). In 
Europe between ■!()'* to 70'’ latitude. It is indigenous in 
Great Britain and Ireland. The following two forms are 
distinguished mrnuma, the silver birch ; Betula 

pafx.'sccM.H, th(*, c.omuion birch. The latter goes farther north 
and loss far soutli than the former. The birch is a tree of 
the low lands, low(!r hills, and oven mountains. It grows up 
to 2,500 foot in Heotland, in the Alps to over 5,000 feet. 

c. Locality. 

Climati’. — It roiiuiroH hut a low temperature, and is 
absolutely frost hardy. It is highly light demanding, but 
likes moist air. To some extent thrown by storms. Suffers 
somewhat from snow and rime. It prefers south or west 
aspects, hut is a most accommodating tree. 

Hoil . — Birch royuires only a shallow soil, with a moderate 
amount of moisture ; it is not exacting as regards mineral 
composition. Although loamy sand suits it best, it accommo- 
dates itself to all sorts of other soils. It is found on soils 
ranging from poor, dry, sandy soil to swampy ground, especially 
the pabcKct'Ms form, but avoids stiff clay and calcareous soils. 

d. Hhupe atul Development. 

The stem is generally wavy or undulating, and divided into 
branches in the upper part. The crown assumes an elliptic 
shape, and is thin. The branches are often drooping. The 
root system is weak and shallow. 

It grows quickly from the beginning, but rarely reaches a 
height of 100 feet, generally not beyond 70 or 80 feet. Its 
volume growth is smaller than that of most other important 
forest trees. Its life seldom exceeds 120 years. 
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e. Ri'proihintii'fi Power. 

Birch begins producing full crops of seed when about 25 
years old ; they rocur every two years and sometimes 
annually, and are heavy. On the whole, the reproductive 
power by seed is very great. The light seed is easily carried 
about, and young birch springs up wherev«tr there is room 
for it, owing to the accoramodaiiing power of tlu*. species. 

The reproductive power from the stool is weal; ; the shoots 
spring chiefly from the x*oot neck ; the stools are lialfle to die 
after two or throe rotations. 

f. Character and Ciniiponition of Woodx. 

Owing to its thin crown and groat light requirement, birch 
is not well suited for pure woods; novcirtheloss, it appears 
pure over extensive trac.ts in Nortluirn Mnrope (liussia, 
Scandinavia, and Britain), owing to its groat rtiproduelive 
power and accommodating character, which enables it to grow 
in .localities where other speidos wouhi not thrive, or where 
it outstrips them. In such localities its preservation is 
justified. 

In other localities it should bo mixed with species with 
dense crowns, such as beech. It is not so well suited for 
mixture with conifers, as it injures them hy the whip-like 
action of its slender branches. 

y. SilrieitllHral Si/Htcm». 

High forest, also standards in coppice; little suited for 
coppice. Excellent shelter wood over a tender species ; 
planted in shelter bolts and wind breaks. Useful for filling 
blanks in existing woods. It is treated under a rotation of 40 
to 60 years in high forest, and of 1 5 to 20 years as coppice ; 
for the production of withes, it may be cut over after 8 to 6 
years, according to circumstances. 

h. Formation of Wotuh. 

They can be formed artificially or naturally. The seed 
ripens from August to October, according to locality, and 
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comraoncoR falling soon afterwards and until February. It 
maintains its f^orininating power for 6 to 12 months. It is 
considered f'ood sood if 20 per cent, germinate. One pound of 
clean seed contains something like 800,000 seeds. 

Direct sowing is rarely done. Broadcast sowings would 
require about 00 pounds of seed per acre, which should be 
very thinly covenal, only alrout one-eighth of an inch. The 
seed germinates after 2 to !l weeks, if sown immediately after 
ripening, and after ■! to 5 weeks, if sown in spring. 

In nurseries, tho sood is sown broadcast and covered by 
sprinkling a little earth ovtsr it. The one year old seedlings 
may bo pricked out and loft for one or two years in the 
nursery limm, according to requirements. On the Continent, 
one or two year old plants are used for forest planting. 

Birch can eitsily be regenerated naturally under a very 
small number of mother trees. Crenorally, it appears wherever 
it has a ehanc-e of springing up, and the forester has more to 
fight against it than to favour it. 

i. Tending. 

Fertilitg of HtnL-~lintly opening out and a thin crown do 
not enable the birch to act beneficially upon the soil ; hence, 
it should not bo grown pure, except on localities where more 
valuable trees will not thrive. 

Kxternnl Dangers.- Mitah, being very hardy, requires no 
tending against climatic influences ; the damage done by snow, 
rime, and storms is moderate, it is less nibbled by cattle 
and doer than almost any other broad leaved tree. It is 
attacked by mistletoe. 

Insccfn.— The leaves support a very large number of larva, 
which, as a rule, are not gregarious. Injury is occasionally 
caused by the following species : — Liparis dispar, and monacha ; 
Erioguste.r lanestris, Pyg<era bucephala. Rhynchites hetvla 
and its allies cut and roll up the leaves. The young stems 
are injured or killed by the larva of species of Agrilus, Sesia, 
and by Cossus cesctdi. The goat-moth, 0. Ugniperda, lives in 
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older trees, which are also liable in some localities in N. 
Europe to suffer from the burrows of a bark-beetle, Scok/tiis 
Batzehurgi. 

Birch has no serious enemies amongst fungi. Exoascus 
tm/klKs produces witches’ broom ; Polt/porus hduUnus, red rot ; 
PolyjMTus white rot. 

Birch is rarely pruned. Thinnings are regulated naturally, 
as the weaker individuals are speedily suppressed by a 
moderate number of dominant trees per acre. In mixed 
woods, the more valualdo species re(puro, during youth, to be 
protected against the birch, as the latter generally grows 
quicker. 

Ihitiila Unta, L., is a tree of eastern North America, which 
has been recommended. It readies a lieighl of 80 feet and 
more, and the timber is sai<l to be superior to that of the 
European birch, especially for furniture. The wood is heavy 
(specific gravity, •76), fairly hard, elastic, and lasting. The 
young tree is more exposed to damage by game than the 
European birch. 


Wmiiow — Halix (Tournof.). 

Of the numoi’ouB species of Willow only the following four 
need bo mentioned here : — 

(a.) Common sallow, or goat willow, Salix vaprea, h. 

(/).) White willow, Bxlix alhu, L. 

(c.) Crack willow, or withy, Halix fmtjilm, L. 

(d.) Common osier, iiulix vimintdis, L. 

The willows yield a soft light timber which is little prized, 
except for some special purposes, as for cricket hats ; their 
principal value consists in yielding witiies and materials for 
basket work, cask hoops, etc. The wood is not good fuel, but 
may be converted into charcoal for the manufacture of gun- 
powder. The bark is used for tanning. The osier yields the 
largest quantity of material for basket work, but various other 
species are grown for the same purpose. 
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The suitability of willow timber for the manufacture of 
cricket bats depends chiefly on the manner of growth. 
Manufacturers demand timber with a “ close ” bark, and 
reject that with an “ open ” bark. The pierces fit for bats 
should have not less than 12 inches quarter girth at the small 
end. Such timber is sold for 5 to 7 shillings the cubic 
foot. The most suitable species are certain varieties of Salix 
alba. 

a. Common SalUm. 

The sallow occurs all over Europe, North and West Asia, 
Himalayas. It is found in Groat Britain up to Inverness, and 
in Ireland. It asconds to 2,000 feet in the Highlands and to 
about 5,000 foot in tho Alps. 

It is a tree of tho low lands and outer hills, prefers a fresh 
soil, but can do oven with dry soil ; appears on calcareous 
soils. Tho tree is little exacting in respect of climate, and 
hardy. It is light demanding, of quick growth, and has 
a thin crown which cannot do justice to the soil. 

It is treated as coppice wood, under a rotation of 10 to 15 
years, having a good reproductive power from the stool ; yields 
firewood, withes and fascine wood. It appears plentifully in 
high forest, but is generally removed in the cleanings and 
early thinnings. 

The seed of this willow ripens in May or June, and must be 
sown at onco, as it does not preserve its germinating power. 
Sowings of willow are, however, never made in silviculture. 
The tree is propagated by cuttings. These are cut, from a foot 
in length and upwards, from the previous year’s wood, though 
older wood may also be used. The cuttings may be placed into 
a nursery for one year, or planted out at once. Unless the soil 
is very loose, holes should be made, into which the cuttings are 
planted. The area should be kept clear of weeds,, and the 
surface soil loosened between the cuttings. 

It is nibbled by cattle and deer, and peeled by mice. This 
holds good for all four species. 
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h. White Willow. 

Europe, up to tho 02'’ of latitude, North Africa, North and 
West Asia, North-West India. It is planted in all parts of 
Great Britain and Ireland, (’onei'ally alonp; tho hunks of rivers. 
It likes fresh, loose soil, especially of a loamy nature, but is 
not very exacting ; is light demanding, grows rapidly, has a 
thin crown, and is liardy. 

Tho white willow is best ada])t(!d for pollarditig (topjjing), 
less suited for coppice. It also apjauirs in high forest amongst 
other Bpecios. As pollards, it is worked under a rotation of 
8 to () years ; the material is us(id for fascines, cask hoops, 
and basket work. 

It is pro])agalod by cuttings, whicli may be 5 and 6 feet 
long, so as to pi’odueo a tnu) in the shortest possible time. 

c.. drurk Willow. 

Europe, North and West Asia. IMantod along river banks 
and low land generally ; likes moist or wot soil, especially 
loamy sands ; light demanding, thin foliage ; grows rapidly ; 
hardy, but suffers from snow and rime; good power of 
reproduction by shoots. 

It is suited for pollarding and coppice, and is treated like 
the white willow ; the slioots are not suited for basket work, 
as they are liable to crack. 

<L Common Osier. 

Russia, North Asia; cultivated throughout Europe. It is 
extensively grown in osier beds, which are generally established 
along river banks and other low lying parts of the country, on 
loose, moist, sandy soil ; it is, however, exacting as regards 
general fertility of the soil. It is light demanding, with a 
thin crown ; grows rapidly ; fairly hardy, but suffers sometimes 
from frost, insects, and fungi. 

The osier is treated as coppice. The rotation depends on 
the desired material, and ranges from 1 to 6 and even 
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8 years. Material for fine basket work is obtained by cutting 
annually. Ilnproduction is powerful, but the stools do not 
last for more than perhaps 15 years, and frequently not so 
long, if cut evory year. 

The osier is propagated by cuttings as described for the 
common sallow. In England, the cuttings consist frequently 
of whole shoots, of which only about 1 foot of the lower end 
is inserted into the ground; they are planted immediately 
after cutting. 

fiwrtx and Fimiji injwrmis to Willows. 

Willows generally are injured by numerous insects, which 
are common to most specios. The wood, chiefly of Salix alba, 
is much attacked by Aromia mosc.hata, Lamia textor, and other 
Longicorn beetles, and Ijy the goat-moth, Cossiis. The leaves 
are attacked by various Boinhyces, as Liparis salicis and 
Vyymm Imcvphala ; by sawfly larvaj, and by plant-beetles, 
especially the species of Phratora and Oakruca. These are 
very injurious to Sali,r viminalis, as are the leaf binding larva 
of Farias ('.hlorann. 'I'lm twigs are injured by Sesiides and by 
gall-gnats {Cer.Ulomyulai). A weevil, Cryptorrhynchus lapathi, 
destroys the bark and shoots, especially of S. viminalis. 

Of J'tuiiji, several species of Mdampsora produce a rust 
which causes the leaves to die. Polyporus sulphurous pro- 
duces red rot in the wood. 

Poplar — Pnpulus (Tournef.). 

The following three species must be mentioned : — 

(a.) Aspen, Populus tremula, L. 

(b.) White poplar, or abele, Populus alba, L. 

(c.) Black poplar, Populus nigra, L. 

a. Aspen. 
i. Utility. 

The aspen yields a soft light timber, of small durability in 
the open ; average specific gravity, '51 ; heating power small. 

It is sometimes used under cover for buildings, for packing/" 
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and cigar cases, rough cooperage, inner work of carriages, 
manufacture of niatchos, and of i>apor. Tlie charcoal is used 
in the nianufacturo of gunpowder. 'I'ho hark is used in 
tanning and dyeing (for the latter purpose also the leaves). 

ii. DlS'nUBtfTlON. 

Europe, up to the 70'’ of latitude, Nortli Africa, North Asia. 
Indigenous in (treat Britain and Ireland. Ascends to 1,600 
feet in Yorkshire; to 4,000 feet in tlui Tyrol, h’ound over 
extensive areas in North-East Europe. 

iii. [,ot!AlilTy. 

Glimatt !. — Hardy against frost and drouglit. Highly light 
demanding, likes moist air, subject to la; tlirown by storms. 

Soil . — (trows almost anywhere, incept on very poor dry 
sand ; moist loamy sand, rich in humus, suits it host. It is 
generally very accommodating. 

iv. SltAPK ASII l>KVi:UU-Mi;ST. 

It develops a tall stem witli a thin crown, reaching a 
height of about 85 foot, more only under very favourable con- 
ditions. It is of (juick growth and short lived, rarely reaching 
an ago of more than 100 years. 

V. HEriiooucrivi: I’iovkk. 

G-reat by seed; sends out numerous root suckers. 

vi, (IHAIUCTKK AND (,'O.Vtl>(tMl'rioN Olf W'ooiiS, SlI.VKaU.TIIItA!. SYSTEMS. 

Rarely pure. Usually appears in high forest in mixture 
with other species, also occasionally as standards in coppice. 
Generally cut out in thinnings, as it bocomes ripe in about 50 
to 00 years, or threatons to injure tlui more valuable species. 

vh*. Formation of Wooim, lUKiiiam, Tendinq. 

Aspen is generally propagated by root suckers, sometimes 
by layers ; cuttings strike less well. It springs up readily 
from seed in open spaces, and in young woods of other species. 
The young trees are nibbled by deer, also peeled- Subject to 
much injury by insects. Requires no special tending. 
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b. IVhi.tfi Poplar. 

Europe, North Africa, North and West Asia, N. W. 
Himalayas. Itidigonous in Great Britain and Ireland. 
Timber light, soft ; specific gravity, '45 ; used for similar 
purposes as that of aspen, but more valued. 

Pound in low lands and river valleys; likes deep, loose, 
moist soil ; more exacting than aspen. Growth quick, some- 
times reaching a height of 100 feet and a diameter of 2 feet 
in 40—50 years ; stem straight ; is light demanding ; foliage ' 
somewhat denser than that of aspen. Eeproductive power 
good, especially root suckers. 

Best propagated by root suckers, less . well by cuttings. 
Treated as pollards, less suited for coppice. Occasionally 
standards in coppice. 


c. Jilack Poplar. 

Europe, North Asia ; not indigenous in Britain, but planted. 

Timber light, soft ; specific gravity, ’45 ; most valued next 
to that of white poplar, and used for similar purposes. 

Apiiears in low lands and river valleys. Thrives on any 
soil, if loose and moist ; does not like heavy soils. Grows 
rapidly, developing a straight stem ; light demanding ; hardy. 
Its volume production is very rapid ; hence, it is a very 
profitable tree to grow, whenever the locality suits it. 

Jieproductive power good by stool shoots and root suckers. 
Best propagated by cuttings of various length. Treated as 
pollar<ls, sometimes standards in coppice. 

Inst'ctH injurious to Poplars. 

The leaves of young poplars of all species are much 
devoured by !arv», which are not gregarious, except those of 
IHaranura and Liparis solids. The plant-beetles, Lina populi 
and tremulte (an aspen feeder), also attack them. A Longicorn 
beetle, Haperda populnm, breeds in the twigs of young aspens, 
causing gall-like swellings and crippling the growth of the 
plant. Its congener, Saperda carcharias, breeds in the stems, 
s. ■ bb 
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chieily of black poplar from 5 to 20 y(3arH old, and is a great 
hiudi’anco in many pbuans to gnnving the tnje. Various dear- 
wing moths, especially Srnia tfpi/ormiH, and the goat-moth, 
donHus, feed in the wood, often in company with SdjK'rda. 

OtjKiKji, species pnHluce a rust on the loaves. 

I'he mistletoe is frequently foinid on poplars. 

Limk-Thkb oh Lindkn— 7V//u Uj.). 

Two specdes of lime-tree have to he numtiomid. 

(1.) Hmall leavotl lim(i-tre<u Tilifi purrijdlin^ Mhrh. 

(2.) Hroad leaved lime-trers 77/m. ym/n///b/m, Ehrh. 

The forimu* is the more important forest trisu An inter- 
mediate Hpe,cie,s is 7V//u ittfermnlia, Ih(V or 777m europce^ L., 
in Britain calbul the common lime-tret*. 

a. lUilitp. 

The wood ’of the lime-tree is very liglit and soft, little 
durable, and of sinall In, mating power. Kpwdllc gravity about 
*52 for 777m parri/nlia^ and ‘-19 for 777m tjrimdifhlia, 

TIhj timber is not lit for building purposes, hiit is used for 
tool handles, hy joiners and coach-huilders, for carving, piano 
Hounding boards, cigar boxes, ami for paper manufacture; 
young shoots are uh<mI for withes. The charcoal is used as 
crayons and for the manufacture of gunpowiler. The hark 
yields bast for ropes, mats, packing, cdc. Tins {lowers yhdda 
medicinal tea. 

The timber of the small leaviid spiicies is somewhat better 
than that of the l)roa<l leaved lime-triio. 

fh IHHtrihntwH. 

The small leaved species occurs in Europe up to the G8^ of 
latitude; North and West Asia; goes up to 2,800 feet in the 
Tyrol. The bxmad leaved species is indigenous in Middle 
Europe and West Asia ; goes up to 8,800 feat in the Tyrol. 

Neither species is indigenous in Britain. 
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r. Lomlitj/, 

Cl'nuafr, — The Inne-iree is somewhat frost tender, and 
still more sensitivi) against drought. It is by some con- 
sidfu'etl a light <le]uaiHi(u*, by others a shade bearer; practically 
it occupies a umldh position in this respect. It is fairly 
stonn hnn. 

a deep, thoroughly fresh, if not moist, 
ftU'tih^ soil, d'luj Hinall leavt3(l lime-tree is somewhat less 
exacting as regards both chhuate and soil. 

iL ^Shape niid DevelopnienL 

When grt)wn in the, open, the lime-tree forms a fairly tall 
tree- with side hranclum coming low down the stem. In 
crowded woods it devtjlops a tall cylindrical stem, with the 
crown rtuhuajd to its upjKjr part. The root system is deep 
going, it is of ([uick height growth during youth, subse- 
quently similar to Innich, reaching about the same height. It 
attains a vtjry large diameter and a very great age, 1,000 
years and more, especially the broad leaved species. 

r. UepnKluvtire Power, 

Tim iinui-lrtHi commences producing full crops of seed after 
the age of 30 years, and they occur about every other year, 
showing a fair njproduction by seed. Beproduction from the 
stool is exctdient, aiul the sttmls last a long time. 

/. (^hanuirr and (JompimtUm of Woods, 

The lime-tree is, owing to its dense foliage, well suited for 
pure w(Kh1s, but, as tlie timber is of inferior quality, it is not 
so gr( 3 wn, except in some parts of North Eastern Europe (the 
small hsaved species). As a rule it is found mixed with other 
broad leaved trees. 

//. Hihkultural Systems, 

High forest, and coppice either simple or under standards 
of other species* it makes a good soil protection wood, and is 
also pollarded* 

B B 2 
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h. Fiiniiiifidii nj Woails. 

As the seccl rarely ripens in JJritain, it is generally 
propagated by lay(irs (see page 230), but also by seed 
obtained from tlio Continent. The seed ripens in October, 
the small leaved species 1 to 2 weeks lattsr than the 
other. The seed of the broad leaved species falls in 
November, that of the other species later on in winter. It 
retains its germinating powe.r for two years. Of good s(ied, 
50 per cent, should genninate. One pound of seed contains 
about the following number of sisals ; small leaved species, 
12,000; broad leaved sjtecios, 5,000. The seed germinates 
either in the first or sisjond spring. If beddiHl in sand in 
the autumn and sown in spring, it generally sprouts in the 
same year. It is easy to transplant up to a considerable size. 

i. Ti'iulhiii. 

Though lime is soinewliat sensitive against late frosts, the 
damage caused to it in this way is as a rule moderate. Cattle 
like the Uiaves. 

'I’liero are no other dangers against which the trt e retjuires 
special protection. Insects and fungi are of little imiKH-tanco. 
The special fot) to the lime is the buff-tip moth, Piiijarti 
hiuu'plialn, whoso gntgarious larva* often strip it bare. Other 
species, as Liparin dispar (not in Britain) and Hixtait liiiiaria, 
may do the same. The leaves are sometimes destroyed by a 
mite, Tetrmip'hua tdariax, which, occurring in vast numbers, 
sucks thoir juices. The cankerous places on tlm bark may be 
due to NeHria ditmima. 

JIazki, — C'oriilus Ardlmia (L.). 

&. Utilitji. 

The hazel yields a soft, moderately heavy wood, which, if 
young, is very tough, but not durable. Hitecilic gravity, air 
dried '(>3- The young wood is used for fascines, withes, cask 
hoops, walking sticks and other purposes. Ohier wood is 
sometimes used by joiners and sieve makers. The charcoal 
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is used for gunpowder manufacture. The fruits are eaten ; 
they yield an oil. The leaves are eaten by cattle. 

h. Distribution. 

Europe, up to the 67° of latitude, Northern Africa, temperate 
Asia. Ijidigenous in Britain; goes up to nearly 1,900 feet 
in the Highlands, and to 5,000 feet in the Alps. 

Jjocality. 

(jlimutC : — Frost liardy, does not like great heat. Stands 
sonuj shade. 

yva7. — To grow well, haziel requires a porous, fresh soil, 
which need not ho deep ; it avoids swampy ground. 

(1. Sha2)e. and Devf.lopinmt. 

It grows quickly, is generally a shrub and sometimes a tree 
up to 30 feet high. Does not reach a great age, perhaps 70 
to 80 years. 

t'. Reproductive Power. 

It boars full crops almost every year, commencing at an 
age of about 10 years. The productive power from the stool 
is good, and the latter lasts long. The shoots start mostly 
below the surface. 

f. Character of Woods. 

It has a beneficial effect upon the soil. 

;/. Silvicultural Systems. 

It is generally grown as coppice, as underwood under 
standards, soil protection wood under oak ; also suitable for 
hedges. 

/(. Formation of Woods. 

Prom seed, or by layers. 

The fruits ripen in September, and fall from October 
onwards ; they retain their germinating power for about six 
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months. The nuts nmst h(j well covered with earth and 
protected uRainst niice. 


Tho young plants must lio lu-ot.iicU'.d against cattle, deer 
and rabbits. 

JJazel is not often seriously injured by insects. 'I’he cater- 
pillars of some liiiiiilii/<rfi and (Ininnirir thin tin* Uiaves 
occasionally. Tin* sp(iei(!S of Ii</liiiniiiin at times greatly reduce 
the crop of nuts. 

Tho brancdies show eanlnu-ous [daces, winch may Ik* due to 
Nectria il itisitiiiKi. 

UojUNIA Psuuno-ACACIA (Ij.). — T hK llolUNIA (lit b’AOSK 
Acacia; Jjoci'st 'I'ukk. 

«. i'tilili/. 

Wood is heavy, hard, elastic, v(*ry lasting, and good flriiwood ; 
specific gravity, '77. 'I'lie timber is used for siitepors, mining 
timber, shipbuilding, machinery, by the Joiner and carpenter. 
Makes good fencing jiosts and vine stakey. Leiuais are good 
fodder. 

Ik 1 ytHtrilfatifUK 

United Htates, espttcially in the eastern States. Introduced 
into Euroiie about !>()() years ago. 

r. hiHHditti, 

Tender as n-gards frost, eHjiecially early autiiinn frosts. 
Stands drought well. Htorni firm. Suffers from snow and 
rime. It is highly light demanding. A tree of tho low lands 
and low hills. Thrives on almost any soil, if not too wet or 
too firm and acid ; prefers light soils, like loamy sand or 
lime soils. Takes nitrogen from the air. 

(I, Hhape and lievelopmi'iit. 

Grows quickly during youth, slower afterwards. Crown 
thin. Stem rarely straight. 
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ft Iteprodwtive Poxoer. 

(’oinniGncoa i)earing full crops of seed at the age of 25 years, 
about (;very 2 or B yoars. Beed rii)ens in October to November, 
falls from February onwards. Seed remains good for 2 to 3 
years ; it should show a germinating percentage of at least 60. 
About 20,000 seeds to the pound. Germinates after 2 to 3 
weeks. 

J\ < 'harartcr and, Composition of Woods. 

In high forest, not lit for pure woods, should be mixed 
with spe,cie.H of detuser crowns. Most suitable for coppice. 
Standards in coppico with standards. Used for fixing steep 
slopes, and as a temporary mixture with other species on poor 
land, whcu-o it enriches the soil with nitrogen. 

//. Insects and FmpL 

BulT(U-s from tlu! May cockchafer grubs and wireworm ; also 
aonmtiimiK from Neetria species. 


Walnut — Juglans regia (L.). 
a. Utility. 

The timber is fairly hard and very lasting; specific 
gravity, -OB. Fxcellent timber for joiner, for furniture, and 
a variety of other articles. The fruit is eaten. 

h. Distrihution. 

Its homo is Asia, but planted in all the warmer parts of 
Europe. Goes up to 2,600 feet in the Alps. 

Locality- 

Very tender as regards early and late frosts ; suffers also 
by strong winter frost. Storm firm. The tree stands a fair 
ajnount of shade. It likes the bottom of valleys and low hills, 
and requires deep, loose, fresh and fertile soils to do well, also 
a mild climate. It likes limestone soils. 
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d. Shape anti DereloptneiU. 

Grows quickly while young ; the stern divides into branches 
at a moderate height. It reaclms a height of 80 to 100 feet; 
and a groat age, BOO years and more. 

Ilepni'hiffire Potrrr. 

From the stool, good. TIk! t.nte begins to Ikfar fruit when 
about ‘20 years old, and does Sf» (ivory 2 to 3 yusars. The nuts 
ripen in Septembe.r and fall very shortly afterwards ; they 
keep their germinating power for about six months. An old 
tree will bear from 2,000 to 3,000 nuts. 

/. Chararti’r and ('ainpamtum. of IViioih. 

Chiefly grown for tho sake of the nuts ; is found mixed with 
beech, whore it must bo protected against the latter ; some- 
times standards in coppice with standards. 

//. Formation of H'oodn. 

Th <3 tree is raised in nurstinbis and planted out when of 
sufBeient siKo, 

Jvtilam iiifira, the black walnut of oastorn North America, 
has been much recommended of late. It is said to suffer 
somewhat less from frost, and to las (juite winter bard. 
Does well only in first-class localities like those mentiomal for 
the common walnut, where it is expected to reach a consider- 
ably greater height than the latter, up to 150 feel. It is 
somewhat more of a forest tree than the common walnut, and 
should do well if mixed with beech. Tho Umber is more 
highly prized than that of the European walnut. 

Prunm u.rotim, Ehrh., is a native of eastern North America, 
found in low lands and low hills ; likes a good moist soil, 
but is also satisfied with inferior soil, provided it is fresh. It 
reaches a height of 100 feet ; light demanding ; growth rapid. 
The wood is light, fairly hard ; specific gravity '.58. It is an 
excellent wood for furniture, which fetches a high price. It 
has been recommended for planting in Europe ; it is frost hard. 
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Hir.VKii ¥n\— AUi;s pectmata (D.C.). 

<(. Utility. 

The timber in liKlit (Kpeoitic gravity of air-dried wood on an 
average ; Koft, easily worked, and splits well ; lasts well 
in dry local ities, hss.s so if exposed to weather. Timber of 
quickly grown trees is less durable than that of slowly grown 
trees such as are, produced in crowded woods. It is used for 
a great variety of purposes in Britain, principally as 
boards, planks, rafters, aiul small boxes for packing straw- 
berries. Used for the manufacture of paper. Staasburg 
turpentine is obtained from this tree. 

ii. Dintrihuthm. 

It is found naturally in temperate Europe between the 36° 
and 51' of latitmie. ft is not indigenous in Britain ; said to 
have boon introduced about 3i)0 years ago. In its natural 
homo it is a tnuj of the lower mountains, ascending to 
2,500 f<i<it in (kmtral (lermariy, over 4,500 feet in the Alps, 
and »),000 foot in tho Pyrenees. 

Locality. 

Climittc. —Hiivm' fir requires a fairly warm climate. It is 
subject to injury by late and early frosts, and is also tender as 
regards drought. It stands a great amount of shade, quite as 
nmcli as the boetdi, if not more — in fact, more than any other 
forest tree mentioned in this part. It requires a certain amount 
of moisture in the air, but not so much as spruce. Northern 
ami eastcsrn aspects suit it best. It is fairly storm firm. 

Soil. Kilver fir requires a deep, fresh and fertile soil, not 

too binding. Loamy soils suit it best, though it will do well 
on sandy soils, if fresh. Dry or acid soils do not suit it. 

d. Shape and Development. 

The silver lir develops a straight and undivided stem, 
occasional forking excepted, with comparatively thin branches. 
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The crown niaintainR a conical nhape until the lioight growth 
has been comjilekul, when top Imm’ouich ila,fc; in free stand- 
ing trees it extends almost down to tin*, ground, and eveti in 
fully stocked woods to nearly onedudf tin; Icmgth of the stem. 
It has a fairly d(‘ep going root syshun. 

Kilver iir is of V(*ry slow height growth during the tirst 10 to 
15 years of life, then the rate increases to snch an (3xtent that 
it reaches ultimately a. greater height than any other Ihutish 
forest tree extuq)t spruc(3 aani l>oug!a,s tir. W'oods of an 
av(‘.rage height of 120 feet are fre<|ueailly si‘en, ami occa,sionally 
of 150if(Hit. In Houtloeasiern Huroju*. in^es up to 200 feet 
high liave heiai seen. 

If grown in woods, the silver Iir will m»t surpass 300 years, 
hut instances a.i*(j known of single trees having rea-ched an age 
of nOO years. 

In volume iiun'cmHjni silvm* iir is prohai>ly only surpassed 
by the Douglas Iir. 

The following data represent the mean animal production 
under a rotation of 1 10 yintrH 
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fU liqmHiiiethr Vaiver, 

Hilvtsr fir produces full crops of seed from the 70th year 
onwards. Much crops are Imt light, and in favourable 
localitkm tlu^y occur at intervals of 2 to 8 years* On the 
whole, the reproductive power by seed is not great. 
Eeproduction from the stool may be said to be ml 
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Chnrar.tn- (xml Composition of Woods. 

Bilver iir is excellently suited for pure woods; it has a 
dense folia.Ro, and maintains a cover overhead to an advanced 
age, under which a thick growth of moss springs up, thus 
preserving a suitable degree of moisture in the soil. 

It also forms a suitalde stock with which other timber trees, 
such as s))rnce. beech, larch, Bcotch pine, oak, etc., may be 
mix(!d. It is most froriuontly found mixed with spruce, as it 
has the sa-iim shap(! and apin-oximately the same height growth. 
Bilver Hr, being doopor rooted, protects the spruce fron> being 
thrown by storms. Another most excellent mixture is silver 
fir and beech, as they make similar demands on the locality. 
Oak in mixture with silver fir does well, provided the former 
has a decided start to prevent being outgrown. At one time, 
this mixture was recommonded, Irat it has now been given up. 
Bilver fir is a very useful specios for under-planting oak, larch, 
and Bcotch pine, when those species commence to thin out, 
while they afford to the young silver fir the necessary shelter 
against late and early frosts and drought. 

//. Silvimltiiml Systems. 

Bilver fir is adajited only for high forest, more particularly 
for the sholter-wood systems with natural regeneration by 
seed. If it is to bo grown on blanks, it requires nurses to 
protect it against frost and drought while young. It may be 
seen occasionally as standards in coppice, but this is not 
advisable, owing to its dense foliage. As it does not reproduce 
from the stool, it cannot be grown as coppice; it makes, 
however, good hedges. 

Bilver fir is generally worked under a rotation of 90 to 140 
years. 

h. Formation of Woods. 

Bilver fir is, even more than beech, adapted for natural 
regeneration under a shelter-wood. Direct sowing and 
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plantini^ should b(i dono nndor such a wood; if this in not 
availablo, it must ho nuppliinl artificially, otlua-wiso the young 
trees will suffer from late a, ml early frost, a.iid possibly also 
from drought {uid insects, esjK*ciaIIy a hchIo insect. 

ddio s(aal ripcms in Hi^ptemher to October, i i I^lnglaiul 
towards the <md of the lathn* nioiith. As the {-.ecHl falls at 
once, the axis of the <a)m^ alone remainifig on the tree, the 
cones shoidd he gatheiaal as soon a.s ripe. The seed rarely 
keeps its gunoninating power for more; than six or seven 
months. If JO p<}r (umt. germinate, it is considered good setid. 
One pound of secal contains about H,(K)0 chain grains without 
wings. 

Dirc’ct sowings mn-y he made in spring or autumn, the hitler 
season being on the whole pnsfi'rabhg as tln^ scaal is difficult to 
keep. If spring sowings ar<^ (huuhled on, the. s(hh 1 must he kept 
in an airy loft and occuHionally turmah Spring sowings sprout 
after B to 4 weeks. About dO pounds of seed p«;r acre are 
required for broadcast sowings; it rtuau'ves a covm-ing of about 
two-thirds of an inch. Sowings in puhdjes under t!ui shelter 
of existing woods are more fre.queni than hroadeast sowings. 

In nurseries, the soitd may ia* sown in drills, or broadcast; 
the seedlings sliouhl remain for two years in i!m seiul h<Hl,and 
two years and upwards in nursmy Hries. In Hngland, they 
are rarely put out under live years old ; the plants may be 
placed 3 to 4 fi^et apart. Tim young plants gemu'ally require 
protection against frost and drought. 

The silver fir is best regenemttcl naturally under a shelier- 
wood, the selection and group system laung perhaps even 
better suited to it tlian t\m uniform system. Of late years, a 
combination of the group ami strip Bystems lias found great 
favour. The process of regeneration is a slow 0!U*. In most 
mature silver fir woods groups of a<lvanee growtli are found, 
where operations may ha commenced. By removing the 
shelter trees standing over such advance growth, atul gradually 
tlie adjoining trees, ragonaration axtends all round, and the 
groups expand until they ultimately merge into each other. 
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111 llliH way, tilt* regonoration period of a wood may extend over 
30, to, and eviiti 50 years. The old trees, being gradually 
placwl into an tipon position, increase rapidly in diameter, 
volumt! and value. At the .same time, they should be removed 
when tlm ytutng crop demands it. 

i. Tendbitj. 

Ffiiilitfi It/ Si'lL— Silver fir, if treated properly, is an excel- 
lent prf.scrvi-r of the fertility of the soil. 

I'liirnial I )t<i)tii'nt. -'J’ho young trees require shelter against 
frost and drought for 10 and sometimes even 20 years. This 
is given oitlior hy the, mother trees or by an artificial shelter- 
wood of larch. Scotch pine, or birch. This period passed, the 
tree is coiaiiaratively frc.o from danger. Storms and snow may 
do ilamago, hot not nearly so much as in the case of spruce, 
(latlle. and deer nihhleit, and the latter sometimes peel it, but 
it heals such <laumge more easily than other conifers. 
Sipiirrels late of! the loading shoots. 

hiHirlH art), on the whole, not very destructive. Two species 
of Tinii'i.r {T. iniiritiiuni and ;•«////( ifmiia) destroy the needles 
atui shoots, especially in (leutral Muropo. A weevil, Pissodes 
piece', peculiar to this species, is (kwlructive chiefly to sickly 
trees. Tlit! wood-wasps (.S’/re, r) and some Tomicuhe bore into 
the wood, eH|iecially when newly felled. A scale insect is 
likely to attack yttung silver lir, wlionovor it is grown without 
shelter. At Cooper’s Hill, two sample areas of silver fir weie 
planted in IHifl, one in the open, and the other, only fifteen 
yards «iistant from tlm foi'mer, under a sheUer-wood of larch. 
The young trees on tim foi'iner area were crippled by the scale 
insect, while the insect was totally absent from the trees grown 
under shelter. 

Mistletoe is frofiuently found on silver fir, perforating the 
wood and reducing its value. 

Of Fuwji, MvlampHordla Caryophyllamamm, formerly 
McUlimn duliiiiim, must be mentioned, which causes witches’ 
broom and canker on the silver fir ; this evil occurs sometimes 
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Oil a large scale. To meet it, the (liseased stems should be 
cut out as early as possilile. Of other fungi, Pln/fophtliora faqi, 
J^ealalozzia IlartiqU^ Armillanui nidlea^ and Fonirn annosas 
may be mentioned, but they do less damage than in the ease 
of spruce. 

The silver i\r stands pruning well. 

If silver fir is miunl with other species, it should be care- 
fully watched, as it is liable to he outgrown and injured owing 
to its slow growth during early youth. 

ThinninpH rarely need commence before the 25th or BOth 
year ; they should ho light, until the woods <uite.r the, bust third 
of their life, when they sh^uild he heavy, so as catis(‘ the 
nunaining tiams to increasti rapidly in diameter. Throughout 
the tlunnings, and (‘Specially th(( (»urly om^s, all irtuis infected 
witli cank(a’ should ht*, removtul, evmi if by so doing the leaf 
canopy should t(nnporarily be interruphnl ; in many cases it 
may be possible to remove the witclu^s’ bna)ms ladore the stem 
has b(*come infected. 

Many other spetdes of iir have laam grown in llritain. Of 
these, tlui following deservi*, jmrhaps, most attention from a 
silvicultural point of view : - - 

SnrdmdHHiann, Kpachs, fnnn th<} ('aiicasUH. 

Ahit'H firaiidiH, Lindley, from westtaui North ;\merica. 

Oo.MMoN Oil Nohway Keinuu-; Pinut vxedna (Link.). 
a, Vtilitp. 

Tlui timber of the spruce is light, with an average specific 
gravity of ’45 ; soft and splits well ; somewhat more durable 
than that of silver fir. Jt is known in Britain as white Baltic 
pine, the principal tree of the Kuropean timber trade, and is 
used for a groat variety of purposes, chiefly in the shape of 
l)oards, planks, and scantlings. The timber grown in Britain 
is frequently of itderior quality, owing to its rapid growth in 
insufficiently stocked woods* It yields a fair fuel, and is 
extensively used for the manufacture of paper. The bark is 
used for tanning* The tree yields turpentine. 


THJ<; NORWAY SPRUCE. 


883 


J>. l>hti‘ihwti(ni. 

Tlio spruw! irt fuiiiul iiaturally iu Europe from the 69th 
thi^iv.o of lafitiid.! down to the Alps, at about 42A It is a tree 
of tlio uioimlaiiis, being fouiul up to an elevation of about 
(i,00(> ftu'l, iu the Alps. On proceeding uortli, it gradually 
(lescendH, until it is found lujar the sea shores of the Baltic as 
a tree oven of the low lands. Nevertheless, in Norway it rises 
still to a conshlorahlo ludght. The tree has been introduced 
far beyond its natural limit. It is said to have been first 
planttul in Britain in 15-18. 

i\ LoraliUf, 

Kpnictj nu|uims rolaiivoly little heat; it stands a 
cnnsidernhln aninunt of wliih'r frost, bat it is somewhat tender 
as ro^j;ar<ls lain frosts, thou^di not nearly so much so as silver fir. ’ 
It is very itanler in resjHJctof drought. It is a shade bearing 
tree, standing, amongst conifers, next to silver fir, though the 
latter httars considerably more shade. The beech, also, is 
num\ shatin hearing than the spruce. These three species, 
togeilau' with hornln^am, are the principal shade hearing 
titiiher H{HHni*,s (d' lenijainite Hurope. Spruce demands moist 
air to do well; hence, in the centre of its natural home, it 
prcders tmrih e isterly aspects. It is the least storm firm 
spcu'ies of the trees imadioned in this hook. 

Soil, HprnciJ is satisfied with a shallow soil of middling 
porosity, which must he at least fresh, and may be moist, or 
even wtd.» provahcl it is not actually swampy and acid. It 
does not stand inundation, atid absolutely avoids dry soils. It 
is moderakdy exacting as regards the chemical composition of 
the soil, and reaches its greatest perfection on loams and shales. 

d. Shape and Development 

Hpruce develops a straight, undivided stem, with thin 
branches, winch become somewhat drooping with advancing 
age. The crown retains a conical shape throughout life ; in' 
crowded woods, it is restricted to the upper third of the stem. 
Spruce has a shallow root system- 
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Spruce growR at lir.st rather slowly, but faster tliau silver 
fir; when 10 to 15 years old its hei^dit i^rowth Ixiconies rapid, 
and it ultimately reaches iluj gnmhjst h(dp;lit of the indigenous 
trees of Central Europe, 150 feet and more, with a diameter 
up to 5 feet. 

Tn volume growth it is only surpassed by silver fir and 
Douglas fir* 

The following mean annual prodm*ti<ui may he expected 
under a rotation of HO years : 
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Its maximum age as a forest tre.e is ahout HOO years. 


r, IlepriHlKdire Ptfir^r, 

Kpruce begins hearing full crops of He<‘d afkir the age of 
50 years ; tliey are lutavy, and, umhu* favourable conditions, 
occur ahout evijry 8 to 5 years. On tin*, whole, riB>roduction 
by seed is favourable, more so than that of the other shade 
bearing species. There is no reproduction fnnn the stool. 

J\ (JhavaHvv and (U^mpomium a/ If ma/x. 

Bpruce occurs in extensive purts wt^ids, for which it is well 
adapted ; it has a dense foliage, and preserves a complete 
cover for a cousiderahle time, in fact until near maturity. 
Under its shelter, a heavy growth of moss springs up, which 
keeps the soil moist; at llm same time the shallow root 
system of the spruce is liable to drain the upper layers of 
the soil 

It is a statable tree for mixture with many si^acias, such as 
silver fir, beech, larch, and Bcotch pine, hut less so witli oak, 
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which is lial)lo to become stag headed in mixture with spruce. 
It is not HO well suited for under planting as beech and silver 
lir. It mixed with silver hr and beech, it is apt to outgrow 
and injure tliom. 


//. Hilricuhiirnl Systevis. 

Spruce is tr(mte<I as high forest under the clear-cutting and 
shelter- wood systems ; both succeed well, but the former 
Hotnewhat bolter. In the case of the shelter-wood systems, 
tile mother trees are liable to bo thrown by storms. For the 
same reason, spruce is not suited for standards. 

Hpruc(i is treated under a rotation of 60 to 120 years. It 
mak(!S (ixcellent hedgijs, and is also much grown for wind 
breaks along the edges of woods. 

h. Formation of Woods. 

Spruce woods can be formed naturally or artificially, both 
methods being practisod. Under ordinary circumstances, it 
does not rotjuiro shelter when planted. 

The seed ripens in October, and falls towards spring, the 
cones lumiaining on the tree for some time afterwards. It 
pr{!H«rv<tH its gonuinating power for 3 to 6 years. Of good 
seed, 75 per cent, should germinate. One pound of seed 
contains about 60,000 clean grains. Direct sowings should 
be made in spring ; the seeds should receive a covering of 
half an inch csf soil ; they germinate after 3 to 6 weeks. 
About 10 pounds of clean seed per acre are required for 
broadcast sowings. 

Bowings in nurseries may be done broadcast or in drills. 
British nurserymen prefer the former, sowing about *6 of a 
pound of seed per 100 square feet of seed bed. The seedlings 
can be pricked out when one year old, but they are frequently 
left two years in the seed bed ; after they have stood one or 
two years in nursery lines, they are put out into the forest. 
The plants may be placed 4 feet apart. 

On the Continent, spruce is planted in a variety of . 

S. .00 
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■ways ; as seedlings with or ■without halls of earth, or as 
transplants ; either one plant may ho placed into each 
planting spot, or sometimes several plants are put together, 
so-called hu.nch-phiHt\n(j ; the latter method is now little 
followed. 

Natural regeneration is effected both under shelter-woods, 
and on clear cuttings the seed coming from adjoining woods. 
If under a shelter-wood, the seeding cutting is made fairly 
strong, and the final stage is short as compared with beech 
and silver fir, hocauso the young tnjos do not require so much 
shelter and are loss shade bearing, while the mother trees 
are liable to he thrown by storms after the cover has been 
seriously interrupted. 

In the extensive mixed forests of spruce and silver fir found 
on tlio Ooiitiiieni, the scalding cuttings are made with special 
reference to silver fir ; when a suflieient regeneration of the 
latter has l)oen effected, the spruce is frequently planted in 
when the shelter-wood has been ixiiaoved, so as to establish a 
proper mixture in the young wood. 

Ttnulinp. 

Fn-fUity of ,SVo7.— -Hpruco is (juite (!apahlo of preserving the 
fertility of the soil as long as the cover is not interrupted. 

F.iit'riid /t«/;ycr«,~-Hpnice is exposed to many dangers. 
From late frosts it suffeu-s only to a moderate extent, but is 
very tender as regards dry winds and drought generally. Per- 
sistent cold winils also are liable to injure young spruce. 
Hence, it is osseittial to keep the edges of spruce woods as 
dense as possible. The tree is easily thrown by storms, and 
it suffers very extensively from snow and rime; either the 
crown is broken, or whole trees and groups of trees are 
thrown down. 

The spruce has many insect foes, and recovers less readily 
from injury than the Bcotch pine. The seedlings and young 
plants suffer like those of the Scotch pine, liyhhius ahietii 
being a great danger. Many Tortricei live on the twigs and 
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needles : the chief devoui’er, however, is the nun, Liparis 
monacha, wliich has caused widespread destruction. The 
spruce-gall Aphis, Chi’nnfs ahictis, cripples the shoots, which 
aro also extensively hollowed out ])y Hylunius pinipcrda. The 
bark-beetles, Towir.ns tiipoijraphna and its allies, are most 
destructive insects. They specially follow caterpillar attacks, 
and ar(i pe.rhaps luoro dreaded than any other forest insects 
of ]<lurop(!. 

Hprucf! is also much infested hy fungi. Young seedlings are 
attacked hy Plti/Uiphthom Jagi, which kills large patches 
of them in mirsciries. Young plants up to a few years old 
hnconu! yellow and succumb, owing to Pcstalozzia Hartigii. 
Fdiiu's tinnimiii and Anitillanui meMea attack the roots. Bed rot 
is produc.od in the root and the stem by Polyponis vapora- 
riuH ; white rot hy PnlyjuiruH fiilrus (i,nd hoi'calis, and Trametes 
pbii ; green roi hy Pcziza (eruginosu. There are many other 
specdes of minor importance. 

Young spriKUi woods require watching, lest birch, aspen, and 
willow should settle in them and injure the spruce. 

ihw/Hf/j//.- “Kprueo <loeB not stand the pruning of green 
branches, the operation being generally followed by a falling 
otT in height growth, and dry rot. Dry branches may be 
romovtsd ; in many cases it improves the quality of the timber 
considerably, 

Thinniugs generally commence at the age of 20 to 25 years ; 
they should bo light, and frequently repeated up to the age of 
60 years. This is necessary, as snow breakage may occur 
during this period, followed by a considerable interruption 
of the cover. After the age of 50 years the thinnings may be 
heavier. 

PiCKA SiTCHBNSis (Carr), the Mbnzibs oe Sitka Speuob. 

a. Utility. 

The specific gravity of the timber is given as ’48, or slightly 
higher than that of the Norway spruce. The timber is soft ; 
fairly firtn. It has in Europe the same value as that of the 

0 0 2 
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Norway spruce. It is said to iiiako ex(;elleiit light oars, for 
which purpose it is imported by the Admiralty. 

/>. Diatrihudoii, 

Western North America, from California to Alaska. 

c. I/iicfilitif. 

HufTors somewhat from latt! frosts when young, hut not 
much; frost hard in winter. Cannot stand drought, hut does 
not mind inundations. 

As rcigards soil, the Men/des spruce is not particular, except 
that it seems to !i,void lime soils. It nsquires a good measure 
of moisture in the soil, as well as ti moist atmosphere; it 
grows on peaty soil, hut doi'.s host on a fresh to moist sandy 
loam. 

(1. Shaiii' ciiid I )i'rrltijiiiiniL 

Height growth during the, first few years (!} -n) somewhat 
slow, hut then much faster than that of the Norway spruce. 
It roaches in Washington an nltimate height of ‘iOO to !}00 foot, 
with a very large dianuite.r. As far as can ho judged at 
present, it is likely to produce as much volunio as the Douglas 
fir, or nearly so. In its natural home a tret! of ovtjr 700 years 
old has boon observed. The root syshim is shallow. 

e. Hcprtitiiictiri' Poti'vr, 

Is said to resemhlo tho Norway spruce in this respect. 
The seed ripens in October. (Jerminatiug periientage about 
S6. One pound is reported to contain about 1 80,000 seeds. 
It is raised in nurseries in tho same way as Norway spruce. 
It stands shade, but not quite so much as tho Norway spruce. 

/. Tmdmj. 

Owing to its spiky needles, it is somewhat less attacked by 
game. In how far it is liable to attacks by insects and fungi, 
cannot yet be stated. The May cockchafer and the pine 
weevil attack it, also ArmiUarm meUeu ami other fungi. 
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/'ifv'rt rt//w (Lk.), t,he North American white spruce, has to 
some extent been grown in this country. It is a much smaller 
tree. Its treatiminl is similar to that of the Norway spruce ; 
fully frost hard, ami stands sea winds better than Norway 
spruce. 1 1 is believed to grow even on dry sand, provided the 
air is moist. 

HcoTcn Pine — Pimis sili'cstris (L.). 
a. Utility. 

'I’ho timb(!r has an average specific gravity, air dried, of ‘55, 
soft, but Boinowhat harder than that of spruce and silver 
fir; durable if not grown too fast, and impregnated with 
turpentinti ; more dural)le than that of spruce and silver fir. 
The value of the timber depends much on the locality where 
it has Ikhui grown, the treatment of the woods, and the age 
of tlu! trtsiK ; the timhor of slow grown old trees, if sound, is 
far superior to tliat of fast grown or young trees. The pro- 
portion of htiartwood is small, until an age of 70 to 80 years 
has hoeii reached. It is used for a great variety of purposes 
in the shape of hoards, planks, and scantling, for railway 
Hleopisrs, mining props, and to some extent also for wood pulp. 
It is iiuportod into Britain as red Baltic pine. A fair fuel. 
It yields turpeiitiuo. From the needles an aromatic oil is 
prepared. 

h. Dhtrihution. 

It is found in Kuropo between latitude 37° and 70°, also in 
Asia. The countries round the Baltic and German Ocean are 
its centre of distribution. Indigenous in Great Britain and 
Ireland. It is eminently a tree of the low lands; prefers 
southern aspects in mountains. It ascends to 2,200 feet in 
Britain, about the same in Northern Germany, and up to 
about 0,000 feet in the Alps. 

c. Locality. 

Clmate . — Scotch pine is hardy ag&inst frost and drought, 
but flourishes best in a fairly warm climate. It is light 
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demanding, standing in tbis rospoct b(3twcoii larch and oak. 
The degree to wliich it will bear shade is very limited, but it 
depends much on the climate in which it is grown. I t prefers 
dry to moist air, but posHiisses an enormous power of accom- 
modation in this as well as othcu* respects, Hcotch pine 
is a storm linn tree, but it suffers severely from snow and 
rime. 

S(nL-- Scotch pine requires a dcaq) soil, which should be 
porous. Althougli it rcniches its gre.aiesi jmrfection on fresh 
soil, it will groNv under any coiulitioiis of moistunj, from 
very dry soil to swampy groumh Bandy soils with a 
moderate admixture of loam suit it best, btit it accom- 
modates itsidf to any (hjscription of soil, from shifting sand 
to clay. It is not an (‘.xacting spiKues as lajgards mineral 
substances in tlu^ soil. 


Sha}m and 

The natural tendency of the tree is to divide its shim only 
in the upper part into a limihcl numbcfr of strong braiiches. 
In crowde.d woods, the crown is n^stricted to thci uppermost 
part of the tree. The sttuu is not so straight as that of spruce 
or silver lir. Scotch juue develops a tap root, and a generally 
deep going root syshuu. 

Scotch piiuj grows (piiekly in youth ami also afterwards, 
attaining, under favourable circumsiatuum, an ullimat«> maxi- 
mum height of about 120 feet; nH>r(^ only imder exccjptional 
conditions. Trees up to 150 feet have been measured. The 
shape and developnuuit differ enormously in difftu’ent parts 
of the area over which it is foumh The average height of 
crowded woods, gr{)wn on fertile soil and under a favourable 
climate, may riui up to 100 feet. The upper limit of its life 
may be placed at 5(K) years. 

As regards volume increnmnt, it stands below silver fir, 
spruce, and larch, but above the broad leaved species except 
beech. 


THR SCOTCH MNE, 


891 


Tho average production is as follows, under a rotation of 
80 years ; — 


Quality of Locality. 

Moan annual proiiuctioti per acre in cubic feet. 

Timber niui Fual. 

Timber only, to 

3 inches diarnoterat 
the small end. 

Timber according 
to quarter girth 
measurement. 

f., boHl 

i-tr> 

122 

91 

n., <M‘ 

1)0 

74 

55 

Hi., nr 

a? 

27 

20 

Avnni|i.tn ... 

91 

74 

55 


'I’ho III. (piality is very low, as Scotch pine can be grown 
on very inferior soil. 


e. liq)ro(lu,<:tive Power. 

hhill HOixl years coininonco when the tree has passed an age 
of 80 years ; they are heavy, and occur about every third year. 
Koprodtiction by seed is favourable. 

f. Charactfr and Composition of Woods. 

Scotc.h pine occurs in extensive pure woods, owing to its 
general usefulness and its accommodating power, lesson account 
of its pow(!r to maintain the fertility of the soil. During youth 
and up to the age of 30 to 50 years, according to circumstances, 
Hcotch pino is soil-improving, and maintains the moisture in 
the soil, owing to the cover overhead and the growth of moss 
on the ground. When that age has been reached, the woods 
begin to thin out, and they are no longer capable of doing 
justice to the soil ; the moss is replaced by grass or heather, 
the humus disappears, and a suitable degree of moisture in the 
soil is endangered. 

It is well suited for intermixture with beech and silver nr 
woods, also with Weymouth pine and spruce. It holds its 
own against these up to an advanced age. In the moist 
climate of Britain, it is also grown in mixture with larch and 

oak. 
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(f. tiilrU'.uUiiml tSi/stcms. 

Scotch pine is generally troakKl as high forest with clear 
cutting, exceptionally only under the shelter-wood systems. 
It is fairly suited for standards in high forest, as well as in 
coppice. It is extensively grown as a sluilter-wood for frost 
tender species. 


h. Fornutthm of Ifooi/.t. 

Beotch pine may bo sown or planted on clear cuttings, or 
regenerated naturally, either undesr an ope.n shelter-wood or 
on cleared areas from adjoining woods. Planting is the usual 
method in Britain. No shelter is nsjuired by the young plants. 
On the Continent, it is nmcii sown in xitii. 

The seed ripens in October of tlm se(!ond year, !«it does 
not fall until the following spring, so that in autumn three 
kinds of cones may bo seen on the trees, tiainely (> months 
old unripe cones, 18 months old just ripe, and empty cones 
of tho previous crop. The germinating power is maintained 
for 2 to 4 years. Of go<;d seed, not less than 70 per cent, 
should germinato. One pound of clean 8ee<i contains about 
7, '3,000 grains. 

Direct sowings should ho mado in spring, the seeds being 
covered by about 1 an inch of (sarth. Abcmt 0 pounds of 
seed are retpiired per acre for broadcast sowing ; it germinates 
after three or four weeks. 

Bowings in nurserios are mostly broadcast or in drills. 
British nurserymen sow broadcast about *0 pound of seed per 
100 sguare feet of seed-bed. The seedlings may be pricked 
out when one or two years old. In Britain, seedling plants are 
rarely put out into the forest ; transplants are used which may 
have stood one or two years in the nursery lines ; okhir plants 
are rarely used. On the Continent, seedlings are frequently 
put out directly into the forest. In Britain, notcliing is the 
usual method of planting, but peg and pit plantings are also 
done ; three or four years old plants should be placed 8 feet 
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apart, on fertilo soils perhaps 8 feet 6 inches. Seedling plants 
may he planted with a peg, or the vertical notching spade; 
they should lx*, planted closer than older plants. 

In the case of natural regeneration under an open shelter- 
wood, only a limited number of trees per acre, not more than 
80, should ho left, and these should be removed two or three 
years after the seeding has taken place. If the seed is to come 
from adjoining woods, the cleared area should not be broader 
than about tho height of the trees, and it must be so situated 
that tho seed is blown on to it. If regeneration does not occur 
within two or throe years, sowing or planting must be done. 

Tending. 

FeiiiUti/ o/‘ Sail . — Except in favourable localities, the 
fortiIil.y of tho soil is liable to suffer after the Scotch pine 
has passed the age of 50 year's ; hence, it should be under- 
plantcid between the 20th and dOlih year with beech, silver fir, 
iJougltiH fir, spruce, or Weymouth pine. 

Krtenial Dangers . — Scotch pine requires no protection 
against frost or drought ; frost lifting may, however, occur 
during the first year or two. It suffers, generally, very much 
from snow and rime, and Scotch pine woods are much exposed 
to fires ; to protect them against the latter, regular fire traces 
must be cleared, and a strict watch kept during dry weather 
over thtj use of lire in the woods and in their vicinity. The 
tree is not much subject to be thrown by wind, except on a 
shallow soil over an impermeable stratum; its branches and 
top are, however, liable to be broken. 

Hcotch pine is nibbled by cattle and game, but rarely 
peeled. Jlabbits do much damage by peeling the bark of 
young trees near the ground, and squirrels by peeling them 
later on in the upper part. The number of these animals 
should he reduced by shooting, or fencing or trapping in the 
case of rabbits. 

Bcokh pine is liable to a greater variety of insect injuries 
than any other tree, especially when grown on poor soil. 
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Seodlings are destroyed l»y wire-wonuH, TipnUt larvm, and 
millii)edes, also by chafer grubs. Young plants (2 to 5 years) 
are injured by root-feeding bark Iniotles and they 

are gnawed by numerous weevils, especially HiifobiiiH kIhcIJs, 
which kills a large nunilxu’. 'J'ho netslles are destroyed by 
the larvie of lAparix iiioiuirlta, Fidmiia, Trarhm, and other 
moths, Lojilii/niH pini and other sawtlies ; on the Conti- 
nent by (iastropaflia piiii, which freiiuently kills the trees. 
lietiiiia larva; cripple the terminal shoots, which are also 
thinned out by Ili/hinjiiH piniperdd. Many wtaivils, Pimult'H, 
Maijdnliniiit, Timirus hidi'iitatiiK, etc., live in the hark and 
twigs. The Hiruuda; and biongicorn laselles live in ami destroy 
the wood. 

Fttntji prey upon Hcotch piim to a very <-onsid(jral)le extent. 
Phiitii]dith<ira fapi kills Vfsry young S(!edlings. Voung plants 
and trees up to an age of about tiO years lose th(;ir msedles 
after becoming yellow or brown ; the cause of this has not 
yet been satisfactorily explained, though in many cases a 
fungus {Ilynti'riim piiitislri) is present, ami may occasion the 
disease, which is called “leave Hhed<ling," wSrhiittr in (lerman. 
Jh)th Armillamt iivUra and Fnmrtt ninumiiH do much damage. 
Pcridrrminiii pint causes canker l»y drying up the bark and 
camljium all round the tree, and kills the part above it ; such 
trees are called “ foxy ” in England. White rot is produced 
by TruiHidi'K pini ; rod rot by Ptdyptinix rapitrnriiiH and iiiidliii; 
a bluish black rot by (’fruuttniin pUi/frnm. 

Pruniiiii of green branches cannot he recommended ; dry 
hranehes may be removed. Occlusion is slow. 

Thiuninps may ho eonnnonctxi between the ages of li5 to 20 
years, according to circumstances; they should he light and 
frequently repeated until middle age. If it is then decided to 
underplant the Bcolch pine, the thinnings must become 
heavier ; if not, they should continue to be moderate, so as to 
preserve a complete cover. At the same time, trees are 
constantly dying off from various causes, such as insects and 
fungi, or they are broken by snow and rime. Buch trees must 
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be loinoved tis speedily as possible; hence, dry wood cuttings 
are more frequent in Scotch pine woods than in any other. 

iii/ACK OH Austman Pine — Piuus La/rido (Poir.), var. 
amtriaca, 

a. Utility, 

Tlie Austrian 2)ine yields a light soft wood, which is very 
rich in turpentine, and very durable. Specific gravity, air 
dried, •.'»(). It is a good building timber, and in its natural 
homo the tree yields more turpentine than any other European 
conifer. 

h. Distribution. 

Low(jr Austria, Hungary, Croatia, Dalmatia and the south- 
eastorn Alps, wlioro it ascends to about 4,500 feet. Introduced 
into Britain dui-ing the last century. 

c. Locality. 

Climate. — 'I'he tree is frost hardy and not sensitive to 
drought. It demands light, but stands more shade than the 
Scotch pine, standing between that tree and the Weymouth 
pine. It 2 >i'ufors dry air, and is storm firm. Suffers much 
from snow and rime, even more than Scotch pine. 

Hail . — It likes a moderately deep, porous and fairly moist 
soil, which need not be fertile. In its natural home, it is 
chiefly fouml on calcareous soils, especially over dolomite 
formations, but it thrives almost equally well on any other 
formation. Its demands on fertility and moisture are even 
less than those of the Scotch pine, so that it grows on shallow, 
dry soils, even on rocks. It is considered one of the least 
exacting of the European timber trees. 

d. Shape and Development. 

The tree develops a straight stem ; the crown is similar to 
that of the Scotch pine, but fuller, stronger and denser. Its 
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height growth is somewhat slower than that of the Scotch 
pine, and it does not reach tlie same height, at any rate when 
grown beyond its natural homo. ’^I’he root system is strong, 
and similar to that of Scotch pine. The volume growth is 
smaller. It is said to attain a groat age in its natural home. 

e. Rejiroditctir/^ Pawn'. 

The tree coramencos producing full crops of seed after it has 
passed £in age of 80 years, and they occur every 2 to 8 years. 

/. (Jharartur atul Vaiupimlum of H'aadn, 

The Austrian pine appears in oxkinsive pure woods in its 
natural home, and it is hotter suited to he so grown than the 
Scotch pine, because it has a denser crown, which shades the 
soil better, pnisorves a complete leaf cariopy to a more 
advanced age, and acts beneficially on the fertility of the 
locality. It can be mixed with the same species as Bcotch 
pine, but demands more protection against being outgrown 
and suppressed. It does not reiiuire under-planting to tho 
same extent as Hcotch pine. 

ij. Milriniltiirul Hiinfniw. 

High forest with clear cutting, but also the shelter-wood 
systems. It can be used as nurses over and between tender 
species; makes a good wind break along the edges of woods. 

h. Format ian of Hfiiadn. 

Planting is the rule, hut sowing and natural regeneration 
under a shelter-wood, or by adjoining woods, are also 
practised. 

The seed ripens at tho end of October in the second year, 
and falls towards and during the following spring. It retains 
its germinating power for 2 to 4 years. Of good seed 70 per 
cent, should be capable of germinating. About 28,000 clean 
seeds go to the pound. 
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The treatment of the seed and seedlings in the nursery is 
the same as for the Scotch pine. 

i. Tending. 

This is similar to that of the Scotch pine. The Austrian 
pine is exposed to the same dangers as the Scotch pine, but in 
a less degree ; from snow and rime, however, it suffers some- 
what more. It has the same insect enemies as Scotch pine, 
hut is less froipiontly injured. A snail {Bulimus delictus) is a 
specdul fo(i to young plants, which it kills by eating the last 
year’s noodles in spring. 

Fungi are the same as those found on the Scotch pine, but 
tlusy do loss damage. 

CousioAN Fink — Piniis Laricio, (Poir.) var Corsicana, 
a. Utility. 

Similar to that of the Austrian pine. 

h. Distrihution. 

Corsica, Sicily, Calabria, Spain, Greece, South Eussia, 
generally the south of Blurope. Introduced into England 
about the year 1816. In its natural home, the Corsican pine 
is a tree of the mountains. 

c. Locality. 

aiiimie.—’L'lm tree is hardy in respect of early and late 
frosts, but less so as regards winter frost beyond its natural 
distribution. It thrives very well in the climate of Great 
Britain and Ireland. It is more light demanding than the 
Austrian pine ; very hardy against drought, and resists sea 
spray better than almost any other species grown m Britain. 
Suffers much from snow and rime. Storm firm. 

Goii.— -It prefers a loose, fresh, calcareous soil or a loamy 
sand with a well drained subsoil, but it is not very particular ; 
its demands on the fertility of the soil being very moderate. 
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d. Shape and Development. 

The tree dovolops in hlnp;lan(l a straight stoni, and it grows 
very rapidly in height, much more ao than tlio Austrian pine. 
As far as experience showa, it reaches a much greater height, 
and is altogether a more desirable tree for planting in Britain 
than the Austrian 2 >ine. In its natural home it is said to roach 
a height of l.'iO feet. The root system is similar to that of 
Scotch pine, but not quite so strong or deep going. 

e. Ileprodnetive Power. 

The tree commences to boar full croi)s of seed at the age of 
25 to BO years (in its natural home). 

/. (Ihurneter of IFoodn, Si/Rleinn, Formation <f IVtxnls. 

Similar to what has boon said regarding the. Austrian jnne. 
Owing to its more raphl height growth in lOngland, it generally 
holds its own against other siH!ci<is. Planting is the rule in 
England. One pound of seed contains about B2,()00 grains, of 
which 70 i)or cent, should germinate. 

//. Tend in;!. 

Similar to that of Austrian pine, (lame, and (mj)ecially 
rabbits, attack it much less than tho Scotch pine. Thu tree 
suffers less than Scotch i)ino from abnormal leaf-shedding 
iSchiitte), 

WBVMOUTir Pine — Pirm Strobun (L.). (The White Pine of 
North America.) 

a. Utility. 

The Weymouth pine yields a soft light wood, of which 
enormous quantities are used in North America, and exported 
to Europe and other countries as American “ white pine.” 
The timber i)roduc6d in Europe has a specific gravity of -46, 
and is moderately durable. It is used in building, as boards 
and planks by joiners, carpenters, carriage builders, for 
matches, toys, paper manufacture, and a great variety of other 
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pnrpoHes. Ji, is loss valuable than the timber of the Scotch 
pine, and if f?rown in thie country has about the same value as 

spruce timber. 

The Weymouth pine is a native of the eastern parts of 
North America, whore it is found between latitudes 86° and 
50'. It was introduced into England in 1705, and has since 
been planted in various European countries.* In the Alps, it 
is now found up to 4,000 feet elevation. 

c. Locality. 

The following notes are baaed on experience gained in 
Europe 

(IJimatc. • 'I'ho Weymouth pine makes moderate demands 
on toniporature ; it is hardy as regards winter, late and 
early frosts, and also drought. As regards light requirement, 
it stands half-way between light demanders and shade bearers. 
It is storm finn, and resists snow and rime well. 

Soil.- It has been found to do best on deep, porous, fresh, 
loamy sands, but accommodates itself to dry poor soils, as well 
as to nio<lorat 0 ly swampy ground ; it seems, however, to avoid 
calcareous soils. It resembles in these respects the Scotch 
pine, hut domands perhaps a little more moisture in the soil 
as well as in the air, and is generally somewhat more 
exacting, 

d. Shape and Development. 

Weymouth pine develops a straight and undivided stem, 
with a fairly dense crown, which in crowded woods is restricted 
to the upper part of the stem. 

During the first three or four years, it grows more slowly in 
height than the Scotch pine, which it generally catches up by 
the eighth or tenth year, when it keeps ahead of it, reaching 
a height of 120 feet or even more. In America, trees of 

• According to BrsnrtiB it is not improbable that it was grown in Paris in 
the 16th century. 
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150 feet in height are fre(HUintly soon. Grown in erowded 
woods, it produces a cylindrical stetn, hut wlien grown in the 
open it tapers considerably. Its volinuo growth is consider- 
ably greater than tliat of Hcotch jtinn. The. rf»ot system is 
deep going, similar to that of Scotch pine. It is said to reach 
an age of 400 years in its natural hoimi. 

c. Urjinxliirtirc Poirrr. 

The tree commences Ixsaring full (U'ops of ’seed when aliout 
RO years old ; these occur every two or three yfsirs, hut a 
certain (juantity of sernl is produced almost e.very year. 

/'. ('hdi'iirU’r ami ('iiDipiiitilifiii nf ll'oot/H. 

In its natural home, the Weymouth pints aiipoars in pure 
woods over eonsidtsrablts artsas, l)ut even more frfstjutsntly is 
found inixrsd with other sptscitss, 'espttc.ially broad leavtsd trees. 
It is wtsll suited for pure woods, as it has a fairly iltsuse crown, 
maintains a suHicitsnt itsuf canopy until towards maturity, and 
preserves a favourahio laytsr of humus and moss on the 
ground. In Kiirope, it is grtjwn chieliy with Hetdch pino, 
spruces, larch, and silvisr fir, when it generally holds its own. 
It is w'ell Huiksd for mixture with beech ; it also appears in 
pure woods. 

ff. Silriculturnl iHpKti’.iiiH. 

High forest with citsar cutting; fairly suittsd for under- 
planting oak on sandy soils, and also lurch ami Hcotch pine; 
well suited for filling up blauks in young woods, ft is less 
suited for standards in coppice, or as nurses over and between 
tender species. 


h. Formation of Woods. 

Planting is the rule, the seed being frequently too expensive 
and unreliable for direct sowings. The natural regeneration 
of the tree has been found to be very slow in Europe. 
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The seed ripens in September or October of the second year, 
and falls almost immediately. It retains its germinating 
power for 2 to 8 years. Of good seed, 50 per cent 
sbould be lit to germinate. One pound of seed contains about 
28,000 grains. The raising of plants in nurseries is similar 
to that described for Scotch june. As Weymouth pine plants 
are more costly than those of Scotch pine, they are generally 
tiuuited with more care in transplanting, being as a rule placed 
into pits about 4 feet apart. 

h Tending. 

Weymouth pine preserves the fertility of the soil. It requires 
prohJt‘*tiou against cattle and deer. Damage by insects is, 
according to present experience, not of much importance. 
Young plants are injured by a Coccid, Chernies strain, and 
older ones by the gnawing and breeding of a weevil, Pissudes 
pini, as well as by a woolly aphis, Cryptococcus, sp. A bark 
beetle, To minis hidentatus, is occasionally injurious. 

Tins Wiiymouth pine suffers from many of the fungi which 
attack Scotch pino, but in a less degree. Armillarea niellea 
and Fomm anmsm, however, do more damage, as they 
frequently kill young trees of this species.* Of late years, 
the damag(j done by Periderniium strobi has increased so much 
that the cultivation of the tree has altogether become of 
doubtful (jxpediexicy. 

The woods should be kept crowded so as to kill off the lower 
branches ; hence, thinnings must be light until tlie height 
growth falls off. The dry branches remain for a long time on 
the stem, and it is desirable to remove them. Cutting off 
green branches cannot be recommended, because it causes the 
stems to grow unevenly. 

Pinas Jianksiana, Laude, a tree of eastern North America, 
has been recommended for soils so poor, that no other species 
will grow on them, whether it be moving sand or moist and 
even swampy ground, it is a quick grower Irom the beginning, 
but does not reach an ultimate height of more than about 

n I) 
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70 foot. Entirely frost hard, and stands droti^:^ht. The 
iiinher is not equal to that of the Scotcli pine, 

Tnu (loMMON Laik'H— Lam* vnroiupa (I).('.). 
a* ViUify. 

Tlie timber is moderatolj h(‘Hvy ; aviu-agc^ speeifie ^n*avity 
air dried, d>2; soft; splits fairly wcdl; very <lurahle, lasting 
longer than any otlnu* coniferous tiinhiu* grown in ^Britain ; it 
yields good lir<nvoo<L 

Larch is the luist coniferous timhcsr grown in Britain, for 
construction above and below ground ; it is also use-d for ship- 
building. In Britain it is used fora gn^ai variety of purposes ; 
it is much pris^ed for railway slcuqHU'H, and mining purposes, 
and makes aai (jxeellent hmeewomL Its price, })i‘r cubic foot is 
generally about <l()uhl(i that of Hcotcdi pine timber. The bark 
is used for tanning and dy<dng. It yields Venetian iurptmtine. 

/;. I>iHtrUnitUvu 

The homes of tlie larch an*, tlu; Alps, the (bu*paihian and 
Moravian mountains, and also Boland, It lias been cultivated 
in many countries, so that it is now foimd al! r^ver Europe 
hetwetm about the 42nd and 5Hth ch^grees (d laiiiudtu Larcli 
is a true mountain tree; it is generally foumi in the Alps 
between B,()(K) and {5,000 fe<4. elevation, but goes up to over 
7,000, that is to say, to the upper limit of irtm growth. It is 
said to have been introduced into Britain at the beginning of 
the sevmikHmth century. Its cultivation in Htudland was 
commenced about tluj year 1726, when the Duke of Athol 
began planting it over oxiomim areas. It is found in the 
Highlands up to about 2,000 feet elevation, tliough its 
cultivation above 1,600 feet does not pay under present 
conditions. 

c. Lomliiy. 

Climate . — Larcli can do with a lower mean annual tempera- 
ture than any other timber tree mentioned in this part It 
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HufTcrs from drought, is hardy against frost in its natural 
home, hut liable to snlTer somewhat from late frosts in low 
lands owing to its very early sprouting in spring. It is 
highly light demanding, and requires to have its head free 
throughout life. The climatic conditions required by larch 
have be.en much discussed. The majority of foresters believe 
that it prefiirs a dry atmosphere, a free and airy position, and 
northe.rn a.nd eastcwu aspects. It is more storm firm than 
almost any other conifer. 

Siiil . — harch requires a deep, fairly porous, and moderately 
fresh soil ; it avoids wet as well as dry soil. It is fairly 
(‘Xiudiing as resgards tlio general fertility of the soil ; loamy 
soil containing a good proportion of potash and lime suits it 
host ; in its natural homo, it is much found on stony soils, 
imovided tluiy are fresh. 

The natura.1 home of the larch enjoys only a short growing 
season, with a late and very short spring and comparatively 
hot, (dear summer. These are conditions which seem to suit 
it- Britain, on the other hand, shows a much longer growing 
season, e,Hp(icia!ly a long spring, a moister atmosphere, and a 
more cloudy summer—in other words, conditions wdiich are 
altogetlutr ditlerent from those prevailing in the natural home 
of the larch. It is not astonishing, therefore, that this valuable 
tree, although it grows most vigorously, suffers excessively 
from diwsase in Britain, as will he indicated further on. 

d. Shape and Derelopinent. 

Larch has an undivided stem, with a conical, thin crown ; 
where the tree is e-xposed to wind, the lower part of the stem 
is fro(iuentIy curved. In crowded woods, the branches are 
restricted to the uppermost part of the stem. It develops a 
tap root and generally a fairly deep going root system. 

It is a (juick height grower from the beginning and until it 
has reached nearly its full height, which may under favourable 
circumstances be placed at about 120 feet, though it grows 
higher under specially favourable conditions. As regards 

D r> 2 
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volume increment, it Htands iK^f.ween the fins ami tlxi pines. 
The average annnn.1 production uiuler a rotation of 70 years 
may be placi^d at 80 cubic f<H;t (puirter girili measunuucint, 
provided the. lre(‘, is planted on a locality gejierally Huiie<l to 
its requirenumts. 

Ordinarily, it would not exceed an age. of BOO years, though 
in th(‘. Alps it is said to rcr-udi sometimes double, that ago. 

(\ llrproil nrii rr iUiicvi\ 

Full Hood years commemee at tint age. of about BO years ; 
they ar<j light, and may hi^ exptwie-d <jvery B to 5 years. A 
certain quantity of Hiunl is produced almost every yt?ar. On 
the whole, the rciproductivo powe.r by se.(^d is modciraio. 

Jjarch pOHSi^Hses a ctirtain )K>we.r of reproduction by shoots, 
but this is of no practical vahui in silviculture. 

J\ ('hameter and CampoHititin a/ Wotuh, 

Ijarch preserves a suHicient cover <)ver!u*ad only for a limited 
period, getuu’ally not exceeding BO years, wlnm it begins to 
thin out, admitting sim and air currents, wliicb c^aus{j the 
falhui noodles b) docomposti quitdily, and the previous growth 
of moss to nniloj way for grass. Ib»nce, it is not suited for 
pure woods oxccipt on fertile st>ils or umlm* specially favourable 
climatic conditions. It is far preferable to mix lurch into 
other Hj)ecieH with a flense foliage, such us beech and silve.r lir, 
against which itliolds its own ; or witli Dmiglas Jir, at any rate 
as a temporary mixtun^ In Britain, it is also mixed with oak, 
chestnut and Hcotch pine. These mixtures are not goes! ones 
in themselvcH ; it they are neveriliehms employc'd, tlu! rtfason 
is to be fouml in the fact that thesti three Hpecies are more 
valuable as timber trees than the above mentioned shade 
hearing species, and because in tlie, nnuHi clinntie of Britain 
a depfirture fn^m the rules, which guide tlm forester in 
arranging mixtures, is more permissible tlnm in dry (Jon* 
tinental countries. 

Whenever larch is growh pure, it shouhl be under-planted 
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at till! iiRi) i)f ir> U) 30 years with a shade bearing species. Of 
thcHii, beech is certainly the best, but as it is not always 
remunerative, oth(!r species have been used and suggested, 
such as sitviir fir, spruce, Hitka spruce, Douglas fir, Thuia 
'I'HiKjd Alhi’rtiidiii, A/iien f/raiidis, and others. 

II. SUricidtaml Systeim. 

Larch is treated as high forest, as standards over coppice, 
and it is freipieutiy grown as a shelter-wood over and between 
tender species. In high forest, it may be treated under a 
rotation of UO years and upwards, according to the size of 
timber reipiired. It is useful to fill blanks in e.usting woods, 
owing to its rapid growth. 

Ii. Fimnidinii of IVoodfi. 

laarch may be planted on clear cuttings; rarely sown; in 
favourable localities it can also be naturally regenerated, 
dare in the stslection of sites is essential, to prevent disease 
being brought about by unfavourable soil and climate. 

The seed riiiens in October or November, and begins to fall 
in the following spring; some of it remains in the cones until 
the spring of the second year, or oven longer. The empty 
cones remain for several yoars on the trees. Ihe germinating 
power is maintained from 2 to 4 years. If 35 per cent, 
germinate, it is considered good seed. One pound of seed 
contains about 70,000 clean grains. 

Direct sowings are made in spring, about 14 pounds of seed 
per acre being required for broadcast sowings ; it receives a 
covering of about one-third of an inch, and it germinates 
after three or four weeks, if the seed is fresh; old seed 
germinates very irregularly. Direct sowings are rarely 

made. . 

In nurseries, the seed may be sown broadcast or in drills. 

British nurserymen generally sow broadcast, about 1 pound 
of seed per 100 square feet of seed-bed. The seedlings are 
pricked out when one year old, or not at all. Plantings are 
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clone with (.wo~y(*ar-ol(l or with }ranHj>IanLs after 

tlu^y liav(^ stood ono or two yojirs in t!n\ nurserv linos. ()ld(‘,r 
plants ar(‘ randy used. Fn IhdOnin tho. iinddiod of planting is 
gonorally liohdiing: pit planting is also done. Tlaniing must 
he done (‘ludy in sja-iiig or in auiutnip as the landi sprouts 
V(U’y early. The plants nofal not ho placed cdosoa* than 
d food a, part. 

Owing to its gn‘at light requiroinont. tho troo, is not n» 4 illy 
Huit(Kl for natural roguuuo’aiifui hy sood ; hut if this is 
attcnn])t(al, the niotlior troos nnist ho phu’od far apart, or 
the <d(iar out in strips, allowing tho, sood to fall tut them 
from adjoining wotals. 1du‘ nod !md is tudy sutua^ssful undtu* 
favoura.hIt*. cinunnslnntais. At any rutt^ a stuauui srual year 
should not ht» a-waitotl, hut all artais not stooktui hy tlui first 
scasl ytuu* should he plnuttal up. 

Owing to tht‘ gniat spnaul of tho, lartdi lilistor, Uuf tree 
should in fiitunt he plauititi only <ui lo(talitit*s whicdi are 
thoroughly suiitul to it, tir stili ladltuu niixtHi into wtaals of 
otluu’ spiudiw, ttHpecially heturh, 

/. 1% iulhitj, 

Frrfilitt/ nj Soil. Ihire wtaiiis proh*oi the stul suflioittnily 
only for adaait 25 hi 20 ytatrs: htmot^ they should he undtu’- 
planhal 

hlvtenial -In its natural lionus landi is hardy; it 

sufTers litth^ frt>ia lahO’nmtH, aiul a!mi not much from tirought. 
Tlui tlamagts tiom* hy snow and riiiuj is of moderate extent, 
and the tna^ is Viuy storm firm. In Btitain, it is imi sti storm 
firm, especdally if the soil slmuld ht* saturahal with water at 
the time of a gale; it also HniTt*rH somewliai more from late 
frosts, laatause it sprouts mindi earlim*. 

Hoehuek and deer do a great <lea! of damage to larch by 
injuring the hark, whitdi is also peeled hy rabbits. Kquirrals 
peel tlie top shootH. lienee, the tree should be protected 
against these animals hy fencdng and shooting. 

Larch is much exposad to attacks by insects and fungi, 
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luid lihfiHo <lati«Rr.s are iiinch greater in countries 'where it has 
hecn ai'tHifially introduced. The larch is especially attacked 
by iiiiiiulc iiioths, as Coli'ophora laric.ella, which hollows out 
the needles, and Artjiircxthmlm'ujatella, and several Tortrices. 
Of late years, XrniiiliiH Knclmonii has done muc i damage. 
The “ larch-lnig,” < 'Itrrmrii lannit,h very injurious. Numerous 
bark beelbis live in the larch in common with other conifers. 

Fimpi- - Phutuphthom fa<ii kills the young seedlings. 
Ihixiixri/iiliii rabu'hiii oiibs away the bark and cambium, causing 
(tanker : ibis disease has now become so prevalent in many parts 
of Hritain that the fiirtlier production of the tree has become 
altogetlHsr problematic. Amillarea mellea kills the roots; 
'I'niiiirh'x pint destroys the wood, leaving white spots ; Polp- 
liiiniH HiilphiiiTKH produces red rot. 

Ib'itiiiiiij. 'rim larch stands pruning well, but the operation 
alTords an (Uit ranee for fungi, especially Dasijscypha calycina 
hence, it should be done very sparingly. It is much better to 
grow tlm larch so that the lower branches die off and fall 
naturally. 

ThiiiiiiiitiH must begin early. They should be light until 
the time has como for under-planting, when they must be 
heavy, htaving only healthy, vigorous, well-formed trees as 
th(! oviu-wood which are to develop into large timber trees. 

Of late, the Japanese larch, Larix leptolepis, has been much 
recommended. It is liked by many foresters, because it grows 
mu(jh (juieker during the first 10 years or so, and it is also a 
handsome tree during that time. There is, however, no proof 
that it will do hotter than the European larch in the long run. 
On the contrary, there are indications that the latter catches 
up and pasHtiS it in height at the age of about 26 or SO 
years, and that it is less branchy and straighten at that age. 
Again, canker has already been observed on the Japanese 
larch, as well as Armillarea m,ellea. Under these circum- 
stances, there is no justification for believing that the substi- 
tution of the Japanese for the common larch will ultimately 
be an advantage- 
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Lari.r tljo KilH*rian lardi, in naid to )>o Hati^fUnl with 

loss gf)od soil, to grow vory siraiglit, and to bo less light 
(leniaaiding lhati tht‘< Tyrolosa^ larch. On iht^ othoj' hand, it 
8])roatH so (‘urly in this cotuiiry that if in hound U> suffer inuc.h 
from hitfi frost. Th<! author has scMUi it sprout in Bagley 
Wood, near Oxford, in tlio (aunnuairoinont of February. 

iMri.r on’itlruidlis, Nuttall, the wostcu’u land) of North 
Ainorica, is said to naudi a height of IHO to 200 hint with a 
diaiufiter of 7 feet. It is feuind i)i the humifl parts hetwet*!) 
Idle IiOidcy .Moiuitaiiis in Jhdtish (’olunihia lUid Montana and 
the 0 asc 4 td(». Moiniiains in Washington and ()n*gon. It 
reacdu*s itH,gnaih*st d(Weh)pinent in Montana,. li appears 
hetwiion 2,r>00 and 0,000 htei elevation, requiring a fair 
nuaisure of moisture. Its most common ctmipanions are 
Douglas lir, pomlrrusa^ also I'nutja Ahirn 

(ft'diulln, ami Thuht plUutin, ’rhe timher is Haiti to he of 
excadlent cpiality. FiUdeavours are ladiig math^ U) introduce 
the tnut on a largfu* scale into this country, The dilliciilty is 
that tlie se.iM falls imuNatliaitdy on ripening, OOVrs have 
Ih‘(Ui made to intnaluce it hy sending set'dlings, one y<‘ar old, 
by fast Hteam(u*H, 

Dociouas Fir J^HfudotHwjn Ihaujlnmi {(Jarr). 

(The lied Fir or Oregon Bine of Nhirih America.) 

Th<5 Douglas lir is a native of tint wesimm part of North 
America, whe.re it is found lietween latitudes 22' and 55"^ 
and from tlie Bacilic coast to the east of the Itocky Mountains* 
There am two varieties, the Ihiutjhmi and IK (jhifm. The 
latter grows in a dry climate at high elevations in tlie Itocky 
Mountains, and is a smaller tree than the fornu^r, which 
occurs in the moist climate of the Pacific coast region* 
IKfjhmmm generally called the Colorado Douglas, while the 
other far more important variety is known as the Pacific or 
Vancouver Douglas* It is in that island and the adjoining 
coast districts that it reaches its highest development. It 
ia found growing, according to locality, with the western 
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Mio Califonuiin red wood, Lawson’s cypress, Thuia 
pliciihi ; also silver lirs, lioinlocks, Sitka spruce, Tsuga, and 
odiors. The tre(*. is coimidered the most valuable forest tree 
of North America, owing to its rapid growth, great dimensions, 
and the (’xcellnnce of its timber. The latter is said to be 
equal to tiiat of larch, while trees of over 300 feet in height, 
with n diamct(*r u)) to 12 feet, are said to exist. More than 
Olio Iroi! has henii iiieiisurod containing as much as 8,000 
c.uhic foot of tiiiihtir. In favourable situations, an acre may 
contain from :U),000 to 50,000 cubic feet of useful timber. 
Tho tree was introduced into Jlritain in 1827, and the 
cxporioiico HO far gained singles it out as a most promising 
limber trett for this country. 

The Hilvicultural data at present available are not yet 
Huilicieiit to give a coiiiploto set of notes on the treatment of 
t he UouglaH fir in Hritain. Numerous experimental plantations 
have been eHlahlislied in this country and on the Contipent, 
Home of which are upwards of 50 years old (apart from single 
trees or groupH of greater age), and the following remarks are 
huHiHl upon olwervations made in these by the author, on the 
information supplied by J)r. H. Mayr, in his interesting works 
on ** I he Forests of North America, 1890, and Fremd- 
lamiische Wald and I’ark Jliiume,” 1906, and on the detailed 
account of Ihis tree given in “The Trees of Great Britain and 
Irelam!,’’ by KIwes and Jlenry. 


a. Locality. 

T’he Douglas lir reaches its greatest perfection on the slopes 
and in the moist valleys of the Cascade Mountains in Oregon 
ami Washington, in the coast districts of British Columbia and 
on Vancouver Island, approximately between the 40th and 50th 
degrees of latitude. These territories have an annual rainfall 
of about m inches, with a moist atmosphere, the climate being 
comparatively mild. As regards soil, it appears that a deep, 
fertile, and at least fresh, sandy loam suits the tree best 
Under the most favourable conditions, it here attains a heig 
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of about foot. Ft soonis to avoid Hiifl’ obiy uud alno poor 
Bandy Hoilw, as wall as chalk soils. 

In t!i(5 mountains of Moninaao with ;i companitivoly small 
rainfall of about lil iiielu's and a. dry atinospluuan tin* Douglas 
fir n‘a<di(?s, if grown on tbo most suitablo soif a hoight not 
oxcooding loO hsd., wbicli, liowovu.r, is also ihu. limit in tho 
coast districts, if the ircHs is grown (Ui modorahdy fertibi soil. 
On poor soil, <5Vou in the lalbtr districts, the maximum height 
is fro«iucutly found to ht* iOO futd, or ovm loss. 

From those da, ia it appears that tlio Dcmglas fir, if it is to 
do well, rotjuiros a moist cJimaitt and a doi*p, foiiilo, frosh or 
moist soil, osi)o,cially liglit loam. It H«‘commodalos ifsojf to a 
diflbroait climato and soil, hut the Indghl growth falls off in 
duo proportion. It will do woll (udy in sludionai positions, 
whore it is not o.xposod to strong winds. 

In its natnraJ homo Uio Douglas hr is said to bn very 
hardy; in Montana it is oxposnd to gnaii winivr t'obh anti 
is found growing without sholinr. in the ciuist districts, 
with a bmg growing soastm, it is said to sulTor fnmi early 
frost, fn Brita-in it has on the whole been fonmi hanly. 
It suffers Homewlnit from late, frost, and also friun early autumn 
frost Oi'tmrring ladore tlm slmots Imvt^ ripemid. As to any 
dilTtjrencii in this ntspect he.lwtttm the two varieties, expmnenco 
so far ol)taiuntl is stmunvhat (contradictory. 

As n^gards damage hy strong winds, the ((xp(*rienco gained 
in Britain is sonuavhat alarming. Many troths have been 
blown down in Hcotland, (iV(*n in n*gular woods. !u iJagley 
Wood, near Oxford, trees planU^d II ytairs ago and ?J0 feet 
high were thrown in December, Even flus plants in a 

plantation made B years ago were laid low three tinms during 
the winter of — ,10, altliough they enjoyed a fair amount 

of shelhcr in the west and south. In the author*H opinion, the 
tree is slow in devidoping a sufficient root system in Britain, 
BO that it is ((asily thrown hy wind, especially during wet 
weatlmr. Kvem if not thrown, the leading sboots suffer 
much ; they are either broken or bent. In Britain^ the tree 
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Hhould h(i planted only on thoroughly sheltered localities, 
host in the middle of woods consisting of a storm firm species, 
whor(! t,h(i trees aro well sheltered until they reach a eon- 
sidorahlo height and have developed a proper root system. 
In this respect, the very rapiil growth of Douglas fir is against 
its succ(!ssfnl cultivation on an extensive scale. 

(lerman foresters seem to consider the Douglas fir to be a 
inodcirately light demanding species. The author is more 
inc.liiitsl to (dasH it as a moderate shade hearer, standing 
near sprucm 

h. HJiiqu’. and Duvdojmunt. 

The Douglas lir develops a straight undivided stem, except 
that in sonie localities the first 6 feet from the ground are 
curved, drown in tho open, the crown covers the whole stem 
and couum down almost to the ground ; the stems of such trees 
are very tap(tring. If grown in crowded woods in its natural 
home, the lowest portion of the stem is exceptionally stout; 
the crown forms a sharp cone confined to the upper half of 
the stem, whilst t.he hole is described as of a remarkably 
cylindrical shape, at least as much as that of the European 
silver iir. A. regular wood,* which the author examined in 
IHKH, was H2 years old ; in this, all the trees were excessively 
taptii-ing, giving a form factor t of -39 for timber only (over 
B inches <liametor at the thin end). Since then, the form 
factor has risen to *44. 

'I’he growth of tho Douglas fir is exceedingly fast. At the 
saino tinns it varies enormously according to climate and soil. 
A(!Cording to Mayr, a wood 80 years old and grown under the 
most favourable conditions showed an average height of about 
IBB feet, or an average annual height growth of nearly 20 inches. 
Tho Taymount plantation shows during the first 82 years an 
average height growth of about 22 inches. 

In Montana, according to Mayr, the Douglas fir shows a 

• THyiuouiit, on the estate of the Earl of Mansfield, Scotland ; area = 8 acres. 

t For “ Form Factor,” see Volume III. 
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height growth of about 10 inohes an an annnnl avorngo, or 
about ono-lialf of that in tho ooaHf- clistru-ts. rndor any 
cirennistaneeH, as fa,r as experience goes at present, (he 
Donglas fir, if planted in suitable loealifies, outgrows all 
Pluropean timber trees. The tree also alifiins a great dinnietfir ; 
tho average diameter of mature trees, ‘200 feet high, in the coast 
districts is given as about (! feet,, and in l^Iontana as about 
feet. It follows that the volume inerenienf is very great. 
TCxperionco u{) to date shows that it exceeds the fastesl growitig 
of Muropean trees to a considerabh! exie.nt, as the following 
data will show: The Tayinounl planlation, carefully measured 
by the author in IHHK, yielded the following data 

Ago of jilantiitiun rrr ‘2H yeans (age of tin* plants when 
put out, ■( } (iars). 

Numbcir of trees per acre . . . ‘20*2 

Mean diameter . . . . . r.T. .1*2 inches 

Moan height OO hiet 

Volumo in the round, excluding all 

material under iiudios ilianiehir . = H,7bH cubic foot 
Mean annual pro<lm;tioii . . . liht „ „ 

equal to KX) cubic, h-.et quarter girth measurement. 

Tho plantation was imaiHured hy Klwes in with tho 

following restilt :™ 

Ago of plantation . . . . .■= -M years 

Estimated volume per acre . . = r>,{MK) cubic feet 

Average annual production . . = IM „ „ 

The Earl of Mansflidd had the whole plantation measnrod 
in IbOH, when the following data were obtained: 

Ago of plantation . . , . = IH ycutrs 

Volume of timber per acre . . , = (>,-l.‘}‘2cubk! fciet 

equal to an average annual pnalnction of Ih f cubic feet. 

The above figures do not include tho yield of thinnings, 
regarding which no data are available ; they may, however, ho 
estimated at 80 per cent, of the present stock, so that the total 
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2)ro(lnetiou during the first 48 years would amount to 8,361 
cubic f(i(it, equal to 174 cubic feet annually. 

'riusHc results agree very well with those obtained by Earl 
Ducio near Tortsmouth, and by the Duke of Bedford in 
Devonahiro. 

It has b(ien stated above that in the Pacific coast districts 
as much as 30,000 to 50,000, or say 40,000, cubic feet have 
bison found on an acre. Considering that such woods are 
from 300 to 500 years old, it follows that the average pro- 
duction, as far as the final yield is concerned, is not greater 
than that of the Tayinount plantation. Such enormous 
accumulations are of no ju-actical value in this country, 
hocauHO nobody would think of waiting 300 to 500 years to 
obtain them. Moreover, there are unmistakable indications 
that the rate of growth of Douglas fir in this country is falling 
oil’ at a coiujiaratively early age, and that the timber is not 
likely to be of the same quality as that imported from America, 
imioHS the trees are allowed to reach a very great age. After 
careful consideration, the author is of opinion that the 
Douglas fir. though developing more rapidly during the first 
60 years, is not likely to give very much better results in the 
long run than the silver fir does in the Jura, Vosges, and Black 
Forest. The late Mr. M'Corquodale, who planted the Tay- 
mount plantation and watched it for more than 30 years, 
hold the opinion that the silver fir, if grown and treated in 
till) proixjr way, would be the most useful and profitable tree 
to plant in this country, an opinion verbally expressed by him 
to the author in 1888. Until now, the silver fir has been so 
frequently a failure in Britain, because it has been planted on 
cleared ground instead of under shelter. If the latter method 
is adopted in future, much better results are likely to be 
obtained, a statement which is supported by the author’s 
experience in the Cooper’s Hill experimental plantations. 

The Taymoimt plantation consists of the Pacific variety. 
The Colorado variety is not likely to yield anything like the 
above-mentioned results. 
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r. lii^pnxbniirr Ihaver, 

Little iH known about this, beyond that the*, tretss ^jjrown in 
Jiritain produce seed freely, which has been used for rearing 
the younger plantations* In its natural honuj it is said to 
coiuruence bearing se(Kl when 10 years old. 

<L (Itanuii'V and iUnuptmtion of 

Douglas fir, gnnvn in crowded woods, produces a complete 
covfjr overhead, aud seems well adapted to he, grown in pure 
woods; as far as (;an be jmiged at prestmt, it is lilody to 
maintain a complete h^af canopy to a Hullhnenlly luivancefl age 
to produc(^ larger sized timber. It is, howiiver, liable, tc^ sulTer 
from storms in Britain ; at any rate*, the leading shoots are 
always injured, uuless the tNie is grown in a thoroughly 
sheltered position. 

Under these circumstances, the best results will probably he 
obtained by mixing it with oUu*r species* As it stands a 
moderate amount of shade and grows very rapidly, it should 
hn planted msler or betwtum larch or Sitokh piiun The lartdi 
may Im^ planhul pure, aud, wlem frcuu lo to HO years obi, it 
sheuld be strongly thinned, only healthy, vigorous trees being 
left, and muler-planied with Douglas fir* Dare must be taken 
to give to tlu5 Douglas Hr sufficient light* Tlie lathe’ will 
roach timlair size at the same time as the larch* The Douglas 
fir will sludier the soil betw(*en the landi, while the latter 
will afford the necessary protection to the leading shoots of 
the former* In tin's way, the Douglas fir can he grown in 
localities where it could not Buccessfully he reared pure* At 
the same time, under tins treatment very high returns may 
he expected* 

The mixture of Hcotch pine and .Douglas fir may be arranged 
in the same way ; but the under-planting may he postponed 
for another 10 years, and the Kcotch pine must be lass 
numerous than in the case of the larch. 

Another method, which is likely to yield satisfactory results, 
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is fu grow Douglas fir and larch in. alternate roios, 4 feot apart 
in oacb diroctiioii. The larch will give a valuable early return, 
leaving a pure wood o£ Douglas fir, or one mixed with a limited 
iiumhor of larch trees, if the latter are not attacked by canker. 

InsLoad of alternate rows of Douglas fir and larch, one row 
of Douglas fir may alternate with three rows of larch. Of the 
lattiir two rows would disappear in the thinnings, leaving 
aitornate rows of Douglas and larch 8 feet apart. Subsequent 
thinnings would reduce tho distance in the lines to, say, 
8 feet, whnn about (>80 trees would be left for further 
thinnings and tho final crop. 


SilrieaUitral Sijstevis. 

The Douglas fir seoms suitable only for simple high forest ; 
it Hufi’ers too much from wind to be grown as a standard in 
cop[)ice. 

_/’. Formation of Woods. 

At present the seed is very expensive, so that direct sowings 
are out of the ipiestion. No e.xporieuce has as yet been gained 
regarding natural rogmieration. For the present, only planting 
is practised. 

'I’hc! S(!ed* and seodlings are treated in the same manner as 
those of the spruce. Tho seedlings must, however, receive 
lateral sliolter or light top shelter where late frosts are feared. 
'I’lmy may be pricked out when one or two years old, and 
planted out into tho forest after they have stood one or 
two years in nursery lines ; their development is very rapid, 
similar to that of larch, and they need not be placed nearer 
than 4 feet apart. It is not desirable to use plants more than 
three years old for planting in the forest. 


{(. Tending. 


Douglas fir seems quite capable of preserving the fertility 
of the soil. 


• A tK>UMd of seed received from Mr. Conrad Appel, Darmsta.lt, contained 
about 40, (XK) grains, which produced 8,000 healthy seedlings. 
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How mncli Ibo tree is likely fo sullfer from exfernal (innj^orH 
in Britain will depend on further experieiH*e. Ho far it m 
certain that it sufters sonn‘what fnini !afe frosts while young, 
but is hardy aftmavardH. l>ry winds art^ not likely i,o suit it. 
Strong winds injnn} the< hauling shoots, and throw ilu*. tree 
unless it is mixed with (dher shuun firm spei!i(‘s, 

J)eor and roebuck are detrimental to the Bouglas hr, more 
especially on account of tludr peeling the hark. 

It is not poHsil.)lo to say at pn^s^mt in !mw far Douglas fir is 
likely to sulTer from insects in Kurope. It is iittacked hy a 
number of those whioh prey on the indigemnis conifers, hut 
further iJX{)eri(ince must slunv the extent to which it is likely 
to suffer from such attacks. Of fungi, liotn^tis IhuujIuHii 
kills the youtig shoots, aial A nnilltura nitlhut ami Famen 
have lasm found (ui tlu^ ivvau 
ddie thinnings of Douglas lir woods shoiihl he, light for a 
considerable pericsl, m as to cause tlie lower branches to die 
off and to encourage tlu! formation of cylimiricul boles. 


Tinu.v emtuTv (Don) ^^'i‘UE (Dant TntUA. 

The tindair is light, soft, and very durable ; specific gravity 
said to he ahout ’bH, It is exbmsividy used, in its natural 
home, for coustructifui in Urn inieritu’s of houses, for (^anocm, 
sliingles to an enonuousexttmt, fencing posts, and many other 
purposes. 

This tree is, next to the Douglas fir, the nmst iiuportant 
timber tree in Northern On^gtm, Washington, and British 
Columbia, its local name is cedar, nr red cellar. It goes up 
to 6,000 feet. 

It Buffers from late frost and frost lifting when c|tiite smaiL 
The tips of branches artj liable to dry up in spring; it cannot 
stand drought. The tree is storm firm. It requires a moist 
soil and a moist atmosphere. A tleep loamy sand suits it best, 
but it is not exacting as regards the fertility of the soil It is 
a shade bearer. 
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The height growth is slow during the first few years, after 
that very rapid. Oa the coast and in Vancouver Island, it 
reaches a height of 200 feet, with a diameter up to perhaps 
10 feet. 

The seed ripens in October and falls soon afterwards. The 
tree begins bearing seed at an age of 15 to 20 years. Seed 
years recur frequently, and the production of seed is consider- 
able. The seedlings are easy to rear. They should be pricked 
out when two years old, and they may be transferred into the 
forest either in early autumn or late spring. 

Deer, roebuck, and hares injure the young trees, though not 
to a great extent. Mice gnaw the bark. It is reported from 
the Continent that Pestalozzia funerea kills the branches, 
especially if the tree is grown on unsuitable localities, but 
Elwes reports that he has not noticed the fungus in England. 
It is reported, however, that Thuia suffers in its natural home 
from two species of PeMalozzia. 

It will prol)ably be necessary to keep the young woods dense, 
ns the lower branches seem to be very slow in dying and 
dropping oft'. 

CnAM.KCYPAMS Lawsoniana (Pari.) — Lawson’s Cypress. 

The timber of this tree is light, soft, and very durable; 
specific gravity, 'i6. In its natural home, it is used for con- 
struction, in shipbuilding, fencing, piles in swampy ground, etc. 

It is a tree of western North America, at about 40° of 
latitude, where it is found in the low lands and hills. After 
the age of about five years, the tree is frost hardy in Europe, 
but sensitive as regards drought. It bears a fair amount of 
shade. It likes a fresh loamy sand, or sandy loam, but is also 
satisfied with inferior soils. 

The rate of growth is slow during the first few years, then 
more active, so that the tree reaches a. final height of about 
170 feet in its natural home. 

Deer attack it, but only to a moderate extent. 

Hylohius abietis do damage while the tree is young; 
s. 
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afterwards it seomB to be free from iiiHect attackH. -■/ rmilktrm 
mellea and PcHtaloczui Jiaii’ri'a do damage. 

The tree is suited for high forest. It has also been recom- 
mended for under-planting oak, Hcotch pine and larch. 

Tsuo.^. AtiiiKKTUNA — run 'Wkktkun IIkmi^ock. 

This is a largo tree, attaining a height of over 200 foot. It 
iH found on the west coast of North America, attaining its be.st 
development on the coasts of Washington and Oregon. It is 
said to thrive on an}'- soil except chalk, limestone, and heavy 
clay, to love moisture, but requiring a well-draimid soil and a 
sheltered situation. The seed ripens in England. Tho rate 
of growth is slow during the first four or live years, afterwards 
fast. In America, tlie timber is used in the shape of hoards 
and for construction. According to Sargent, it is light, hard, 
and more durable than the timber of other hemloc.kH. The 
hark is said to be the most valuable tanning material 
produced on the west coast of North America. 

The tree has been used for under-planting larch woods at 
Novar in Scotland, and has done very well so far. On the 
whole, it deserves a trial on an adequate scale. 
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Sycamore, notes on, 354 

T. 

Tending of fully stocked woods 
after early youth, 
296 

,, „ open woods for the 

production of large 
timber, 317 
„ „ woods, 285 

„ ,, during early 

youth, 290 

Thinning, 303 

„ of mixed woods, 313 
,, the most suitable grow- 
ing space, 305 
„ the theory of, 309 
Thuia, giant, 416 
Turf dykes, 134 
Turkey oak, 344 

U. 

Uniform system of natural regene- 
ration, 234 

Unstable soil on slopes, 150 

V. 

Yolume growth of forest trees, 61 
W* 

Walls, as fences, 129 
Walnut, 375 

Water, diversion of excess of, 138 
„ in soil, 30 
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lunula UH 
,, liuvb, 408 
WoyilOiUth pilH's Ilnl(*s ’^08 

Wliito alik‘r, or)0 

nott’s on, 801 
■\Vii‘o 181 

Wooil^, chariirtor ninl «-oinjK»HitioH 

oi\ 78 


WotwI.-, U'Oiiral r«*tiononOio!» ol'/i8 

,, of, 88.*j 


V. 

Vit Id «*a]nt<'ilyi doOjiitioii i»f, 7 
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